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VEINS IN THE NORTHERN PART OF THE BOULDER BATHOLITH, MONTANA

by
Darrell M. Pinckney

ABSTRACT

About 20 miles north of Butte and extending nearly to Helena,
is an area ofv 350 square miles containing hundreda of veins and
altered zonea.  The bedrock of the area is 1) late Cretaceous volcanic
rocks, forerunners of the Boulder batholith, 2) the Boulder batholith
of late Cretaceous to early Tertiery age and 3) two groups of ‘l‘e;.'-
tiary volcanic rocks lying on the eroded batholith. The veins are
post«batholith and pre-Tertiary in age.

The veins are largely either quartz-sulfide veins of mesothermal
type or chalcedony veins of epithermal type. The relations of these
two types of veins have been the subject of conflicting ideas for 60
years. Three workers have proposed three different genetic classifica=
tions. This repoart showa that the quartz veins and the chalcedony .
veins are closely related parts of a strongly zoned hyéogene vein
- system, | . | .
Strong zonal" patterns were established using the grain size of
 quartz (ar pyrite vs, carbonate in one district) as well as features
of the altered rocks. The scale of the zoning ranges from single
veins through groups of veins or mining districts to the entire min-
eralized area, Single veins are zoned around a core of coarse-grained
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. quartz; the quartz outward from the core becoming progressively finer-
grained. The cctrea' are zoned around eight major centers and several
lesser ones. The centers and their nearby related veins are assigned
to central, intermediate, and peripheral zones. Nearly all of the
" veins around the edge of the mineralized area are chalcedow.

Envelopes of altered rocks consis‘t of seven major bands repre-
genting three major groups of constituents, aluminum silicates, iron-
bearing minerals, and .ailica. ' Plagioclase altered succesively to
montmarillonite, kaolinite, and sericite; potassium feldspar altered
to sericite (aluminum silicate group). Biotite released iron which
formed successively, iron axides, iron-bearing carbonate, and pyrite
(iron-bearing minerals). Excess silica formed silicified bands. Cone
stituents for which no astable phase occurs were largely léached from
the rocks. )

A model has been constructed showing the arrangement of’
zZoned veins and altered rocks in which the mina-als_ produced by altera=-
tion are arranged in bands on' each side of the vein, similar to the
Butte pattern. Along strike from the cores, the inner bands thin and
' pinch out against the vein so that the vein becames enclosed successive-
17 in the next outer bands. The sequence of alteration minerals along
the veins is sericite, kaolinite, and mntmcwﬂlonite for the aluminum
Bilioatea°. and pyrite, carbonate, and iron oxides far the iron-bearing
minerals, ' '

Alteration is thought to be controlled by reactions between
wallrock minerals and the pore solution. In the‘.alx.minum silicate
reactions, BE* vas added to the rock and Nat and Ca** were removed.



Carbon and sulfur from the vein were added to iron of the wallrock to
produce pyrite and iron_ carbonate. Carbon, sulfur, and hydrogen
moved into the wallrock, while Ca'*, Na*, and some 810, moved toward
the vein along concentration or activity gradieats.

Terperaturss d\fz'mé mineralization ranged n'on below 200°C,
to about 350°%. |



INTRODUCTION

The Boulder batholith contains two large mineralized areas
within it and several small districts around its borders. The Butte
district, the most well known of the two main areas, is in the south-
west part of the batholith. A second and larger mineralized area con=-
tains several districts and includes much of the northern part of -the
batholith snd sdjacent areas. This area extends southward sbaut 17
milea from the noxjth edge of the batholith and is about 20.miles from

J

east to west (fig. 1). About 20 miles aaparates' the northern

~/Figure 1. Index msp of the mineralized area in the Boulder
batholith. |

mineralized area from the one at Butte. The northern mineralized area

i3 generally not well known, and is the subject of this report. -
Older work on the origin of the deposita in this area was done

by Knopf in 1913 and Billingsley a;xd Grimes in 1918. These writers

proposed‘close genetic relations (in the sense of time, space and

origin of materiala) between the deposits and the intruaive rocks..

- :‘/Their hypothesea were based on the assumption that. a:mce ‘quartz, tourma-

. line, and pyrite were the latest minerals to cryatmizo from the magma

~ . of the batholith and they are abundant in the va:lns, the veins a.nd c-

rocks muat be very closely related., The main objeotionl to thil

generalized type of hypothegis are thats

L
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1) It deals only with end members and leaves out the intermediate
steps between intrusive rocks and the accumulated material in the veins.
These steps have not been recognized in the field; especially the steps
by which metals other than iron are accumulated and finally deposited. -

Z) Veins in the area appear to be xenothermal, mesothermal, and
epithermal types and they appear to represent a considerable range in
physical conditions of deposition.

One of the older warks split the deposits into two groups of
different ages, one group including the xenothermal and mesothermal
veins and the other group including mostly epithermal veins. The
writer noted that these two groups had many features in common and that
the two groups seemed to change gradationally into each other. Mors
knowledge of ‘tho veins was needed before genetic concepta of the ori-
gins and the method of acoumulation of the metals could be formmlated.

The results of the new work are the delineation of patterns of
zoning of both veins and altered rock, and a model showing how the
mesothermal types of veins grade into epithermal types. It cannot yet
be shown just how the metals were collected from the magma, if indeed
they were, B

The study of the veins was greatly aided by work being done by
other Geological Survey geologists in the area. By 1957 regional
geologic mapping in and around the batholith had been completed over -
most of itas nm'thex."n part and over some outlying 'mining districta. = -
This wark served to define the larger mineralized area 28 an entity
8eparate @om the many outlying districts, and.prav'ided a large fund



of general geologis infarmation useful in the study of the veins.
Field work devoted entirely to the study of veins in the mineralized
area was done in 1958, 1959, and 1960 by the writer. Previously, he
had mapped in the area and had studied aspecta of the mineral deposits
more directly related to mining.



GEQLOGIC SEITING

Regume of general geology

The most camplete recent summaries of general geoclogy of the
region are given by Klepper, Weeks, and Ruppel (1957), Ruppel (1963),
and Becraft, Pinckney, and Rosenblum (1963). The .;’.ollawing resune is
taken from these reports and other material in the files qf ths U. S.
Geological Survey.
The long interval from late Precambrian to late Cretaceous
was a time of stability that was followed by mountain building and
igneous activity. In general it was an interval of deposition of shelf-
type sediments broken by a few episodes of erosion or non-sedimentation.
In late Cretacecus timo an episode of ignecus and tectonic
events started that reached a climax with thg intrusion of the Boulder
batholith, A series of volcanic rocks, the Elkhorn Mountain vol-
canics, accumulated to a thickness of proﬁab]y over 10,000 feet. The
baf.holith intruded well up into the upper part of the volcanic pile
and hence may have reached within a few thousands of feet of the sur-
race. The last igneous activity directly related to the batholith ia .
1nd1cated by a group ot granites that were intruded as small plutons,
t-lying aheeta and dikes of aplite, alaskite, and pegmatite. |
o A mjcr period of mineralization follawad the intrusion of the
- alaskite rocks and the cooli.ng of the batholﬁ.th. Tl‘lis is the period in
which the veins at;jBntto and those in the northern part of the batholith
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and adjacent areas were farmed. Mineralization had probably complete-
ly ceased before the next gequence of rocks wers laid down.

During the Eocene epoch, much. of the batholith was uncovered
by ercsion, a mature topography was produced in the region, and the
veins were oxidized and locally enriched. Erosion did not cut deeply:
into the batholith, and the preaént day suwface is very near the roof.
Erosion then gave way to renewed vulcanism.

In Oligocene t'.’une, and probably in the late Oligocene, (Smedea,
1962) renewed vulcanism deposited several thousand feet of quarts
latitic tuff over the area, accompanied by the intrusion of many dikes
and some small plutons of the same corposition. The intrusive rocks
cut and intrude along many veins; the tuff, where preserved in min-
eralized areaa s overlies older oxidized vein outcrops and therefare
establishes a minimum age for the period of majorr. mineralization. A
second period of mineralization followed the Oligocene vuleanism, but
deposits of this age are of restricted extent and are not the subject
of this repart.

A geries of rhyolite rocks, main]y lava flows, and some
asgsociated intrugive roc_:ks overlie parts of the batholith and its roof
rocks in the visinity of Rimini and west of the area of figure 2. The
~ Uime of their extrusion is not well established, Near Rimini they =~ -
‘ rest on a mature surface cut on batholithic or Cretaceous volcanic
Tooks, Near Champion Pass, about 12 miles west of Basin, they lie on
Qarts latite tuff’ (Smedes, 1960, p. B2L), and have been partly '
‘disscioted by Pleistocene glaciers. In one area southwest of Rimini
these rhyolite contain low-grade disseminated deposits of gold, but no
Other mineralization has been linked to them. '



Following the Mion of rhyolite the history of the region
wag characterized by uplift; erosion and glaciation produced a dissected
upland surface, partly mantled by ground moraine, Many valleys in the
weatern part of the mineralized area contain moraines, ocutwash 'gra.vela,
and other Quaterna-y deposits.



Mineralized area

The mineralized area in the northern part of the batholith,

outlined on figure 2, is roughly circular, about 20 miles across, and

Figure 2, Geology of the mineralized area.

comprises about 350 square miles. Within it are hundreds of veins and
altered zones, ‘several mineralized ar altered breccia pipes, dissemi-

nated gold depoa:l.tg » and various other deposits. The mining districts
of older reports within the mineralized area are small areas m‘whioh

the veins ars more closely spaced than elsewhere and which contain one
or more centers 61‘ mineralization. Areas between some of these poorly
defined mining districts contain strikingly fewer veins.

The north border of the mineralized area, not completely shown
on the map, is situated a short distance beyond the north edge of the
map-area, The northwest border of the n.ﬁnewali'.zed'area is rather poarly
defined; veins are widely scattered from Rimini to the valley of the
Little Blackfoot River. ) o | '



Host rocks

The wall rocks of the veins are andesite and quartz latite of
the Elkhorn Mountains volcanics and rocks of the Boulder batholith.
They are briefly described here., More complex descriptions are avail-
able in publications of the U. S. Geological Survey, Bulletin 1151
and Professional Papers 292 and L28. |

The Elkhaorn Mountains volcanics are the bldest rocks exposed
in the mineralized area. These rocks form the roof of the batholél.th
along its weat side and a large roof remnapt near Wickes. Many
smaller remnants of the roof rocks are in the drainage area of Cataract
and Basin Creeks. The volcanic rocks have been deformed into troad
open folds, the flanks of which rarely dip more than 35 degrees. East
of the mineralized area, the rocks have been divided into three mém-
bers (Klepper, Weeks, and Ruppel, 1957, p. 32) that have an aggregate
thickness probably in excess of 10,000 feet. However, in the map are#,
the lower unit, largely andegitic tuff, is niissing and apparently was
stoped out by the batholith, but the middle unit (l1argely quarts
latitic welded tuff) and the upper unit (largely reworked andesitic

fragmental rocks) are present and form the preserved part .of‘the roof, "



Rocks of the Boulder batholith

The Boulder batholith is about 60 miles long in a 'northe.aat—
southwest direction and about 25 miles wide. 'Most of the mineralized
area is underlain by rocks of the batholith which together with a
lep'ser amount of Elkharn Mountains volcanic rocks are the country
rocks of nearly a]i of the deposits considered in this report.

A large part of the batholith, in and neaxr the mineralized
area, probaly comprises a largc pluton of quarts monzonite oar grance
diorite that is cut by late magmetic leucogranite intrusives. The
. northern part of the pluton consists of several varieties, most of
which are similar chemically and mineralogically, but differ in grain
size, color, and fabric. Such texturally defined bodies grade imper=-
- ceptibly into each other, and probably represent different parts of
the same magma. A few other bodies of this::same composition a.re,'
roughly circular in outline, suggesting that they may be slightly
later plutons that were intruded into a higher consolidated part of
the ‘magma. B _ .

No rélationship was found Setween the mineral deposits and the
different textural varieties of the batholith. Rather it seems that
the textural varieties are related to the roof of the ﬁgthglith and
the veins were derived from some more deeply seated aoixr;:e.'. Far this
roa’sén the textwral varieties are not shown on' the geologic map
(f1g.2). - L

[
. .



The late granites of the batholith, referred to as alaskite,
are leucocratic pinkish~buff rocks with little, if any, mafic minerals
and a high proportion of quartz. Within most bodies, regardleas of
size, their texture ranges from fine aplites to pegmatite.in which
quartz and feldspar crystals are commonly over one inch across. The
greatest concentration c;f these rocks occurs in a belt about 7 miles
wide thattrends northeasterly, parallel to the long axis of the batho-
lith. Most dikes and numerous joints and veins within the alaskite
belt also trend northeast,-so that this trend seems to be a reflection
of some fundamental structure within the batholith. The posiiion of
the batholith in ‘the upper unit in the area of the large roof remnant
west of Wickes indicates that the batholith may have reached to
shallow depths and hence that the veins were likewise deposited under

a thin cover,.



Nature of vein exposures

The Tertiary and Quaternary deposits shown on the map (fig. 2) -
indicate the amount of cover and, therefore, the density of data that
was obtained. In the w‘estern part of the mineralired area, vein out-
crops are almoat non-existant; in these areas, nearly all of the veins
are known only from artificial exposures. Even where covering deposita
are absent the area is covered by th:l.cl; forest litter that obscures
the veins and altered zones. In the eastern part of the area covering
deposits are lesa abundant and forest litter is thin to absent, so that
many veins can be followed in almost conf:lnuona outarop for their
entire length, A



MINERAL DEPOSITS

Age of deposita

The deposits in the area belong to at least two, and possibly
three, periods of mineralization and are dated primarily on the basis
of their rela.tion to surrounding rocks, and secondarily on the basis
of mineralogical similarity. All the deposits are considered to be of
Tertiary age s:!;nce they are younger than the batholith which is prob-
ably very lats Cretaceouas. Because direct evidence was found for only
two pericw_ia of mineralization, the deposits are grouped into older and
younger Tertiary deposits, with the reservation that the younger group
may include two periods of mineralizationm. S
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Older Tertiary deposits

Nearly all the deposita in the area belong %o an early Tertiary

period of mineralfzation. Minimum age relations can be established
for only a few deposits, others are put into }this group because of
at:ong similari‘biog of structure, alteration, vein minerals suites, and
gsequence of events. These characteristics differ from place to place,
but the differences are gradational and fit a zonal pattern. There-
fare, all of these deposits are considered to have originated in the
same manner and at. the same time. Deposits of the older Tertiary
group were oxidized during early Tertiary time and their gossans on
the west side of Alta Mountain (73), are overlain by quartz latite
tuff of late Oligocene age. Many of them. have also been intruded by
dikes associated with this early Oligocene tuff, Their age relations
are therefore established as post youngest batholith rocks and pre-
late ongocene volcanic rocks. '

 Weed (1898) considered some veins of this group to be of Beqént.
hot spring origin, and Knopf!(1923,p.103) consider’ed '§thar8 to i)elong
» to' the Younger Ter*iary. deposits. Weed noted that.hot springs issued
ﬁ‘on & small g'cmp of chalcedony veins 2% miles south of Bouldcr, and
g he conolnded that spring waters were altering quartz monzonite and had
: ﬂ??gitgd_ the veins. He extended this lwpothesis to account for the
Qhﬂlo'odoxev‘ ve;.na .northweat of Boulder. This writer examined the
springs and found that while gome aprings issue from veins and altered

' . 16
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rock, others issue from fissurcs in unaltered rock, and that the
springs are not prosently depositing silica. From this it is concluded
that the chalcedony veins are not related to Recent hot springs such

as the onea near Boulder.

Knopf (1913,p.103) considered that the silver-bearing veins in
the Clancy district, and probably the chalcedony veins also, to be
younger than the episode of Oligocene vulcanism., He noted that a
quartz latite dike associated with the volecanic rocks was altered
where exposed near a vein in the workings of the King Solomon mine (3h).
He concluded that the solutions that had deposited the vein and altered
the adjacent. quarts monsonite had also altered the dike. He therefare
concluded that this vein and_simila.r veins around Clancy wers younger
than the 0ligocene vulcanism.

The exposures seen by Knopf are now :Lnaocossible, but similar
rocks were found oo the mine dump indicating that Knopf's evidence
;hould now be inconclusive., The part of the dump containing rock from
the dike also contains 'quartz monzonite altered only to montmorillonite,
wheroas the altered fragments from the dike contain kaolinite., The
Writer has observed many similar dikes altered to kaolinite that ocour
 away from veins. In contrast, a vein similar to that in the King
Solomon (34) mine, the Boulder vein (116)(Ruppel 1963, p. 51) and a
chalcedony vein at the Mineral Hill mine (tigure i), are cut by quartz
htite dikea. Therefore, the writer concludes that all of the veins

1in the mineralizod area belong to the older Tertiary pea.'iod of mineral-
hation. \ '



Younger Tertiary deposits

Depoaits in the area belonging to the mid-Tertiary period of
mineralization consists of a mineralized breccia pipe at the Montana
Tunnels group of claims near Wickes (61), disseminated gold deposits
in rhyolite southwest of Rimini (Pauper's Dream and Porphyry Dike mines),
soveral silicified quartz latite dikes, and pods and veinlets of
barite deposited in quartz latite, in older rocks, or in reopened older
veins. Deposits of these materials are found in both types of Ter=-
tiary volcanic rocks that overlie the batholith, and their age is
therefore established as post-early Oligocens. However, a minimum age
cannot be established for these deposits. The disseminated gold de=-
posits near Rimini are in rhyolite that appears to be younger than the
eqrly Tertiary quartz latite, but a more exact age for the rhyolite has
not been established. i’he rest of the deposita of the younger group 'aro
in quartz latite. They may be products of a period of mi.n;-.ralization
related to the quartz latite vulcanism, or they may be as young as the
gold deposits in the rhyolite. . \

- The younger  Tertiary group of deposits of this paper corresponds
to the younger deposits of Knopf's classification, (Knopf, 1913, pp. h3-
‘ 60) but most of the deposits included by Knopf in his younger groups,

i.e,, the veins in the area around Clancy, are considered by the writer
to belong to the older Tertiary growp. N ‘



GEOLOGY OF THE OIDER DEPOSITS

)

Distribution

As can be seen from figure 2, the veins are by no means evenly
distributed throughout the mineralized area. The area of greatest con-
centration of veins is the district around Clancy;' this extends south-
westward into the Wickes district. Near the southern end.of the mineral=
jzed area, a district extending roughly from Boulder to Basin contains
another great concentration of veins. In several places in these two
areas, the veins are so closely spaced, only the larger ones could be
shown on the map. An area about 3 miles wide and nearly barren of veins
separates these two areas between Amazon and Spring Creek. A third
belt, involving fewer veins, extends from Basin northward to Rimini.
Elsewhere in the central and northwest parts of the mineralized area
the known veins are more widely spaced. This may be in parf due to
poor exposures; these are areas of either heavy timber ¢ ground
moraines ar both.

Within ithe. belts of veins, the veins have a tendency to be
clustered in groups, as northwest of Boulder, the area extending from the -
Three Brothers to the south of Uncle Sam Gulch, or as on the west side
of Red Mountain south of Rimini. In generé.l, it appears that in several
" of the vein groups, one or two veins were the site of most intense
mineralizatioxi, and veins farther from them were progreésively less in-
tensely mineralized, These main veins often aré centers around which *

the minerals in the other veins are arranged in. a ¥onal pattern,

19



Structure

Veins in the mineralized area are along regional structural
trends and some of these trencs are more dorinant than others in some
areas. The structural trends are indicated by joints, faults, veins,
dikes, and stream courses. The locus and trend of these structtfral
elements are thought to be controlled by joinmts, mostly as sheeted zones
in the batholith. Directions of the dominant trends are east (* 20°),
about N. 65° E., and nearly north. Most veins, dikes, and fanlts follow
the east and northeast trends; many post-vein faults follow the northerly

trend. Foliation in the batholith is weak and is very poorly known.



Sheeted zone veins

Veins with ths simplest internal structurs consist of i)aral]_.el
bands of vein minerals deposited along the joints of a ahegﬁed Z0one.
Many entire veins are of this type, and many of the more structurally
complicated veins, if followed along strike to where they thin and
start to die out, become simpler in internal structure until they are
merely mineralized sheeted zones. The veins in sheeted zones have
formed by replacement of the wall rocks between the joints. Open=-
space type of crustification has not been found in the sheeted zones.
Replacement "of altered wall rock by vein minerals has usually proceeded
two or three inches outward from the controlling jointas. In the
sheeted zones, joints are usually only a few inches apart and many vein
bands merged into enck_l other as adjacent bands become wider by replace-
ment of tl;e wall rock. The end result is a banded vein that contains
ghosts of former wall rock bands. Such veins are commonly several
feet wide and look massive, e;cept for a faint striped appearance due
to thin zones in which the wall rock minerals have. not. been completely
replaced, ' ’

Any single band is a long thin lens that thins to a £ilm at
its edges. The bands are closely arranged in an en-echelon pattern in .
Which the strike of the bands and the strike of the vein:in nearly the
3ame, so that a strong overlsp exists between the lenses. Any single
band may be only a few tens of feet long and a few m?hes'wide', but
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the v;ein may be several feet wide and continuous for a mile or more.
The shested zone type of veins are by far the most common type through-

out the area. In many places the wall rock bands betwsen bands of
vein minerals have been sheared.



Fraciare zone veins

Many veins are alng ihe zones of anastomosing fractures. In
these zones each 1itila fracture may contain a veinlet and the entire
vein cansists of a pessxk of intersecting veinlets. In most such
veins the wall rock bewseen veinlets has been replaced to a large
degree, especially in s cenfral part of the vein, and the veins tend
to be either massive o of very cwxp;mc internal structure. Veins of
this type are cosmon toroughout the mineralized u'e; and in places
the& ars 100 feet wice. |



Breccia zone veins

The initial struciurs of some veins may have been a fault with
open brecéiaa, but replacement has' been so thorough in many of these
that the initial treccia texturs has been destroyed or greatly obscured.
Where the breccia filling is chalcedony, the crustification tends to be
well defined, but where the £illing consists of cr}stals of quartz or
sulfide minerals, the crustification is imperfect. Usually breccia-
tion contimued throughout the time of vein deposition so that all.
minerals from ths narlisst to the latest were broken. -

2l



Mineral assemblages

Moré_ than SO primary minerals are known from the veins and
altered zones but only about 10 occur in major amounts. One of them,
quartz, is ubiquitous and another one, pyrite, is nearly so. The rest
of the minerals, while locally abundant, make up ;:nh a small'part of
the total amount of material in any of the veins.‘ No vein is composed
of a single mineral ipecies, in spite of the fact.that only a gew
m:l.nerals comprise nearly all of the veins, Rather, the veins are
formed of groups of minerals, each group, or mineral assemblage, con-
sists of two to fowr minerals that are closely associated in both space .
and time. Individual bands in a vein, and some entire veins, consist
of only one asgemblage, but many veins contain more than one assem--
blage. Earlier assemblages tend to be cut and replaced by later
assemblages, and in many places several assemblages are well mixed.

- The minerals of an' assemblage are much more closely related
to each other in tire of deposition than to minerals of other assem-
blages. Veinlets of one assemblage crosscutting another assemblage
are fairly common, but within an assemblage such relationships exist
only on a minor scale and can be seen much less .ﬁ'equently than textural
evic{ence-of time relations between assemblages. The minerals of an |
assemblage are therefare considered to be cont;mporineons oar nearly so
because of a general lack of reh.tions that strongly ar consistently
ind{cate different time of deposition, and beeau-"."p'-un'ﬁoundary
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relations are not inconsistent with ccatemparaneous deposition.

The mineral assemblages are listed below in their order of
depoasition from oldest to youngest; ihey are:

1. quarts and tourmaline ¥ prite

2. pyrite with minar quarts

3. galena and sphalerita wita ainar quartsz and pyrite

L. arsenopyrite and quartz

" 5, quartz and pyrite, with ar without chalcopyrite, or car-
bonate minerals. .

In addition to the five assemblages listed above, an assemblage
of quartz and mo]yb&enita occwrs in small amounts in several places in
the area. It is older than the pyrite-querts assemblage, but ita -
relation to towrmaline is not known. | |



Quartz-towrmaline assemblage

The assemblage of quartz and tourmaline, often associated with
pyrite, is‘the oldest in the wveins. It is consistently cut by veinlets
of all other assemblages, but reverse relations have not been found.
The quartz and towrmaline are intimately intergrown and are considered
to have been depoaifed together, typically as fine needles of tourma-
line randomly oriented in a matrix of quartz. Veins with large amounts
of the quartz-towrmaline assemblage occur most abundantly in the
Rimini mining district in an wea extending from the Little Blackfoot
River to Red Mountain, Elsewhere the quartz-tourmaline assemblage is
much less abundant and no where are the veins as wide.

Many smaller veins occur along a L or S-mile stretch of the
valley of Cataract Creek above the mouth of Big Limber Gulch. In the
Wickes district, the Minah (68) and Alta (76) veins contain asome
towrraline. The areas around both Boulder and Clancy are notably
lacking in the quartz-tourmaline assemblage, In general, the quartz-
towrmaline assemblage diminishes greatly in amount with distance from
the Rimini district. .

All veins of the quartz-tourmaline aasemblagé show a unirorml
banding parallel to closely spaced joints. In the more massive veins .
the interleaved and altered quartz monzonite has been almosﬁ completely -
replaced by quartz and towraaline, but as the veins die out aloﬁg |
strike, some of the bands becore thinner and the vein contains inter-
leaved bands of altered quarts monzonite, and the ariginal joint is
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often preserved in the center of the band. Ths edges of thfs band ars
irregular and many crystals, or radiating clusters of oystals, pro=-
Ject into the wall rock from the original joint. They tius appear to
have grown outward from the joint into the wall rock. Vugs or other
criteria of open~space filling were not f@.



Pyrite-quartz assemblage

The pyrite-quartz assemblage consists of coarse-grained pyrite
and a little milky quartz intergrown into compact masses. The pyrite
crystals are anhedral to subhedral and from one-fourth inch to 2 inches
across. They have grown lm'geiy by replacement of wall rock as indi-
cated by numerous inclusions of wall rock ninernlx, especially sericite.
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Galena-sphalerite assemblage

The galena-sphalerite assemblage consists of galena and
sphalerite and with or without mdnor amounts of pyrite and quartz.

Galena and sphalerite ars so closely associated that no lead ore is
free of zinc, nor is zinc ofa free of lead, although some large
pieces of one may contain little of the other. This is a result of a
tendency for grains of each mineral to occur in clusters. In most
places both species are usually present in roughly equal amounts.

The galena-sphalerite assemblage is the "ore" assemblage of>
the area. The galena is apparently argnetiferous; rarely are silver=
bearing minera{la geen in this assemblage although much lead orﬁ is
high in silver. Eulk analyses of galena indicates as much as 75 »
ounces of silver periton; polished gections prepared from the same o
specimens contain no silver minerals, except rargia'ud very small
Specs of tetrahedrite, | " .



Arsencpyrite-quartz assemblage

Arsencpy'rite and quartz constitute a- distinctive assemblage in
the veins. The arsencpyrite has a strong- tendency to be in long
euhedral prisms intergrown with subhedral quartz prisms. Minerals of
this assemblage typically and completely fill open spaces along frac-
tures or in breccias but in many places the araenoﬁyrito-quartz agasem-
blage has replaced older assemblages.

The arsencpyrite-quartz assemblage is much less common through-
out the area than some of the other assemblages, and in only a few
places does it comstitute a’larga part of the veins, Arsenopyrite is
most sbundant in the Rimini district and parts of the Elliston dis-
trict, where same veins contain so much arsenopyrite that they could
not be mined becaunse of high-treatment chargqs imposed on arsenical
ore at the smelters, In cther districts, argenopyi-ite 1s abundant
only in:aifew veimse o |

1



Quartz-pyrite-chalcopyrite assemblage

Probably more than eight-tentis of all vein material in the
area 18 represented by an assenblage of quartz-pyrite-chalcopyrite
and primary carbonate minerals and is the most widespread assemblage
in the area. As well as pyrite and chalcopyrite,. the assemblage
containa iron-bearing carbonate, dolomite, Acalcite,‘ hematite, magnetite,
bornite, enargite, tetrahedrite, and 'pitohblendo. The proportions of
the minerals in the assemblage range considerably from place to place,
but the assemblage is usually sbout nine-tenths q\xertz; pyrite commonly |
makes up several percent, and chalcopyrite only a qu percent or less,
In some places the carbonate minerals are the dominant minerals of the
agsemblage. ~

The quartz of this assemblage shows more varieties than any
other mineral, and a clasa.iﬁcation of the veins is based lzrgely on
the habit of quarta. The quartz ranges in grain size from crystals
L inches across through microcrystalline quartz to the cryptocrystal-
line varieties of jJasper and chalcedony, The color of the niore coarge=
grained varieties (about ome-fourth millimeter or larger) is usually
nilky white, but nearly clear or clowdy white varieties are present in
small ‘amounta everywhere, and they are the daminan‘b variety., The
~clear or cloudy quartz grew in open space btut the nilky quarts grew
either by replacement, or if it grew in open spaces, these were
complai;ely filled with a compact mass of quarts cry?tals, all of vhj.ch
now appear milky because of the abuncdant fluid inclusions. Many
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crystals are zoned with inclusions, As the grain size of the quartz
decreases below abgtrt 1 millimeter, the quartz crystals become ine
creasingly anhedral and the finer-grained varieties form a mosaic of
nearly equidimensional grains. The finest-grained varieties of quar'tz,
both Jjasper and chalcedony, are commonly gray when fresh, but the color
ranges.- from white through buff to black. The gray and black shades
are due to fine intermixed pyrite and possibly other sulfide minerals,
as shown in a detailed study by Bieler and Wright ,(1960, pp. 366-371).
Weathered outorops of the fine-grained varieties are comonly‘brm

or red from the oxidation products of pyrite.

Iron, calcimm, and magnesium carbonate minerals are fairly
commonly associated with jasper and chalcedony and much less so with
the coarser grained prismatic quartz. In some areas, the presence of
nmnéaneae—bearing carbonates are indicated by gossans containing
gseveral percent of manganese oxides. Rhodochrosite is rare.

. Pyrite in amounis generally less than about 10 percent is
common in the quart;-pydte-chalcopyrite mineral asgemblags. Since
pyrite is nearly ubiquitous in both space and time in the veins, that
which belongs to this assemblage is often difficult to distinguish fram
other pyrite. The criteria used are: (1) intimate association, in-
cluding segmented veins; (2) lack of consistent arosscutting or other
relations that indicate pyrite is either older or younger than the -
quarts; and (3) absence of other pyrite in a vein or band of a 'vein'.-‘_ .

| Chalcopyrite is, common in the quartz-pyrite—ohalcoﬁyrite
asgemblage, but it usually occurs in sn;all mmmta.. The amount of

chalcopyrite ranges from a maximum of several percent to a tracs,



In many veins, especially those camposed predominately of Jjasper or
chalcedony, the presence of copper-bearing minerals is often indicated
by traces of malachite, Copper, mostly as chalcopyrite, is most
abundant in the veins on the east side of Alta Mountain and near the.
villages of Wiches. and Corbin. The only other places where copper
ocours in more than mincr samounts ;.re the Crystal mine (100) and Cray
Eagle mine (129). ’

The distribution pattern of the quartz-py:;iﬁe-chaloopyrite
assemblage i3 the same as that of the veins shown on figure 2. It is
the most widespread of all the agserblages, and iz found in almbst all
veina that contain -ny one of the other assemblages. It is the only
assemblage in many veins, especially in the vicinities of Boulder and
Clancy. . |



Older classifications

Two markedly different classification achemea of the mineral
deposits in the area have been proposed by Knopf (1913, pp. L2-61) and
by Billingsley and Grimes (1918, pp. 28L-361). These are discussed in
detail below because both of them contain weak points that make them
inademmﬁe to handles the great amount of new da.ta.' Knopf's system is
nors like the one used in this paper. )

Knopf (1913, pﬁ. Li2-61) divided the deposits in the area into
two groups on the vasis of (1) suspected age and (2) mineralogy and
metal content. Representatives of his older group in the area are - '
veins charactearized by abundant tourmaline and further subdivided
into silver-lead and silver-copper veins. He recognized that the
amount of tourmaline had a considerable ranges and that tourmaline
was absent in some veins of this group. He considered that the veins
had a close genetic relation to the batholith because of their con-
tent of towmaline, Their age was established as"oldef than the A
quartz latite (Kngpf'a dacite) because some of them are out by quartz -
ln'tite dikes. . |

Knopf's younger group of deposits (l9i3, Pe 5&-59) included the
gold deposits disseminated in rhyolite mear Rimini, epithermal deposits
at Marysville and Lowland Creek beyond the map-area, the mineralized
trecoia at the Montana Tunnels prospect (61) near Wickes, ﬁxe sﬂv&-
bearing veins near Clancy, and a large group of nearly barren chalcedony
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veins. These ’-'a-e'all considered to be younger than the quartz latite.
The deposits in Lwwiand Creek and at the Montana Tunnels (61) are in
quartz latite, a=i the g;:ld deposits at Rimini are in rhyolite. All of
these can tierelcre be considered clearly younger thé.n the older Ter=
tiary veins tass e cut by quartz latite dikes. The silver-bearing
veins near Glancy and the chalcedony veins, however, are considered by
the present wi‘;ar to bp part of the older deposits.

Billingsisy and Grimes (1918) classified the ore deposits of the .
entire Boulcer tazholith region. Their paper presents much interpreta-
tion, but very iiztle descriptive material. Their approach was to
relate the ceposi=s to the igneous rock from which they thought the ores
were derived, ==y re‘late 1t groups of deposits to three periods of
igneous activity :n'rolvmg six igneous phases, The igneous periods are:
(1) andesite (Eorn Mountains volcanics); (2) granite (Boulder batho-
lith and other ===ryy plutonic bodies); and (3) rhyolite (quartz latite
and rhyolite volsznic episodes). In the'classification of Billingsley
and Grimes, all ize older deposits of Knopf (1913, pp. L1-5}4) are placed
in an aplite ph?.se.j of the granite period. The silwr.er—bearing veins

/13lite of Billingsley and Grimes (1913) is alaskite of this paper.

‘near Clancy were ilso included, whereas EKnopf had considered them to belong
to the yourger perfod of mineralization. Billingsley and Crimes believe

the veins were Zerived from the last residue of aplite bodies which
differentizied = the rest of the batholith in ¢ssentially the place

they now occzy. Prthermore, the aplite bodies were thought to be most
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adbundant in the very upper part of the batholith. They believed that
the ore-bearing part of all the vein:.;. was restricted to a zone within
1,000 feet vertically from the roof of the batholith, and that the
batholith below this depth contained only barren "roots”™ of veins,
Partly as a result of this interpretation, very little mining explora-
tion has been done in the area in the last LO years.

Billingsley and Grimes' genetic classification is based on
three main arguments. They believed that (1) a close spatial rela=
tion exists between the aplite bodies and the veins, (2) the last
vein minerals (tourmaline, quartz, and pyrite) to crystallize from -
the aplite magma were the first to be deposited in the veins, and thua.
the veins represent the last residue from the magma, and (3) the veins
change in a short vertical interval (1,000 feet to 2,000 feet) from
galena-rich at the t.op through sphalerite-rich ﬁear the lower part of
the productive zone, and finally to a "root" consisjbing of pyrite and .
quartz with a minor amount of other minerals. The writer disagrees
with most of the genetic concepts presented by Billingsley -and Grimes, .
and the implications derived from these concepts wherever they may ‘ |
have been applied to the deposits of the area. The main points of
their classification are discussed below, ' N '



If the veina are related %o alaskite, a cloase spatial associa=
tion of the two would be expected. The distribution of alaskiteas and
veins is known tuch better now than previously, and can be seen from
figure-2, The mineralized area and areas of many bodiea of alaskite
are“not closely coincident. Veins extend far to the west of the
alasikite belt into areas where few alaskite bodies have been found.
Furthermore, several large complex plutons of alaskite are known out-
side the mineralized area, and these do not have veins associated with
them, ‘ |

The presence of quartz and small amounts of tourmaline and .
pyrite in both veins and alaskite is not conclusive proof that the
veing are end products of magmatic diffe{-entiation. Pyrite is -
scattered throughout much of the batholith in accessory amounts.
Tourmaline is fairiy common in the alaskite in some areas, but is
virtually absent in the same rock in other areas where veins are
abundant, Toin‘maline i3 most abundant in the veins near Riminl, 'and .
~ some of these veins consist of a solid mass of towrmaline with quartz
and pyrite, but alaskite is sparse in this 'area. Conversely, the
alaskite bodies in the vicinity of Clancy and Boulder contain about as
much tourmaline as those elsewhere in the area, but the veins in these
areas.are almost devoid of towraaline, _ '

The vein "roots" of Billingsley and Grimes is the quartze
Pyrite-chalcopyrite assemblage of this paper. This a&semblagé has
greater extent in most veins than does the galena-sphalerite agssem-
blagé. It occurs at the ends, fap, and bottom of ore bodies us well



as within them. Its distribution does not appear to be related to
either depth below the roof of the batholith ar the distribution of
alaskite or tourmaline. Furthermore, it was deposited in the veins

later than the galena 'and sphalerite.
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Classificatica of veins containing

the quartz-pyriie-chalcopjrits assexblage

As iz shown in the description of the mineral assemblages, the
veins, even though they are composite veins, are composed largely of
the agsemblage of quartz-pyrite-chalcopyrite. This assemblage iz quite

variable in appearance from place to place, and differences in it are
eagily discernible in large outcrops and hand specimens. The most
striking difference is in the crystal habit and grain size of the
minerals, especially quartz. Many veins consist largely of medium-
grained to coarse-grained miky quartz, whereas many others consist
largely ;)f jasper and/ar chalcedony. On this descriptive basis, then, E
the veins can be easily divided into two major groups represenﬁi;ng end-
member types: (1) those consisting largely of the coarser varieties
of quartz are referred to simply as quartz veins, and (2) those con- |
8isting largely of jasper and/or chalcedony are referred to as chal-‘
cedony veins. Nevertheless, it should be kept in mind that_ these are
endemesber types. The veins exhibit a complete gradation from the

one ty.pé %o the other and mny veins contain both types of :uterinl.

£ £

'I'hese are referred %o as veins of mixed type. )
" ' Weak points inherent in this classification are the followings ‘
N (1) The ter-s quartz sad chalcedony are used as convenient

terms to refer to grain size differences, ignoring the fact that

-~
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" chalcedoxv and Jasper are varisties of quartaz. RE
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(2) Much of the material referred to as chalcedony is actually
very fine-grained quartz with intermixed and finely divided sulfide,
carbonate, or iron oxide minerals. However, no‘ term for such a mixture
exista; most gulfides in the ocutcrops are oxidized, and the outcrops
are therefare largely jasper. The entire vein can be easily considered
as a vein of jasper, if one keepa in mind that some of the iron oxide
is a supergene product. \

(3) Textural evidence indicates that much of the silica of the
Jasper may have been deposited originally as a gel that crystallized
firast to a fibrous form and later recrystallized to nonfibrous quartz,
yet the term chalcedony does not accurately describe material that may
be largely jasper in the sense used here.

(L) The classification ignores the large amount of sulfide or
other minerals in many veins, however, these minerals can be corre-
lated, in a rough manner, with the main types of veins used here. For
exémple, the quartz veins contain far great& amounts of sulfide miner-

_als than the chalcedony veins, Other lesser differences in sulfide
mineralogy can be correlated with the two major types of veins.

(5) The form of silica in about 10 percent or less of all the
Veins is neither all chalcedony (and/or jasper) nor quartz, bnt are

mixtures of the two typ?s arranged in a zoned and qrderly 'm:nn‘er. ;
These ;J'ains represent an intermcdiate variety and are gradaticixial into
the end-member types. ' o i

The main advantage of the classification 1s that it is extreme-

.~ 1y simple and easy to use in ths field. Every vein in an:outcrop=ozt
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prospect, and even parts of a single vein, can be assigned directly on
the basis of visible featwres. The older classifications, by contrast,
were based on correlating veins with igneocus intrusions ar periods of
time, and these carrelations can be established for only a few deposits.
In the classification used here, there is littls doubt about the age
group, or phase of igneous intrusion to which a vein belongs. Further-
more the classification permits such other features as differences of
wall rock alteration, sulfide mineralogy, and temperature of deposition,
to be arranged in an orderly manner.



Qquard:s veins

The quartz veins consist dominantly of the coarser varieties of
quartz of the quartz-pyrite-chalcopyrite assemblage. The carbonate
minerals of the assemblage are rare in some quartz veins. The quartz
veins also contain’ differing amounts of one or all of the other sulfide-
bearing assemblages. In parts of some veins, the other assemblages are
the dominant ones present, but entire veins of, this sort are rare, ex- )
cept‘ for small veins of quartz and tourmaline, Larger amounts of the
quartz-tourmaline assemblage occurs only in the quartz veins, as far as
in known. The quartz veins have poor outcrops, and they are known
largely from mines and prospects or the dumps from these workings. The
quartz veins include all of the older tourmaline lodes of Knopf (1913,
'pp. L3-54) and ‘some of his younger deposits near Clancy (Knopf, 1913,

Pe 5li). Within the area, they include all of the veins of the aplite
phase of Billingsley and Grimes (1918, pp. 3%-315). |

Nearly all of the metals prodﬁced in the area have come from
the’quartz veins, Their value has been chiefly for their silver content,
but they have yielded considerable lead and some gold and ’copper.'imey
al.;xo contain considerable zinc, but the amount of zine¢ cannot be estimated
from existing production data. Zinc-rich ore usually was not mined dus
to high treatment charges. T
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Chalcedony veins

The chalcedony veins consist almost entirely of the quartz-
pyrite-chalcopyrite assemblage. These veins are microcrystalline and
cryptocrystalline quartz to the extent of about 95 percent or more.
Larger quartz crystals are rare and are presenﬂ only as tiny druzes
lining small vugs. The chalcedony veins contain pyrite, carbonates,
or iron oxides and some of them contain a little pitchblende. The
chalcedony veins, in contrast to the quartz veins, have good outcrops
for most of their leng’ih and in several places they form huge wall-like
outcrops 30 or LO feet high.

Production from the chalcedony veins is nil. Their outcrops
are nearly barren and as .a consequence, very little prospecting has
been done along theme. A small amount of uranium' ore was prbduce;i in
recent years from three chalcedony veins and the cﬁalcedony end of

one mixed vein. ’ '



Veins of mixed type

~ Nearly all quaftz veins contain stringers of very fine-grained
quartz or chalcedony and in fact, a complete range exists from quarts
veins with very little chalcedony to chalcedony veins containing a
few crystala of coarse-grained quartz. Only those veins in which the
lesser material occurs in more than minor amounts are considered heres
to be veins of the mixed type. Because the veins of mixed type are
intermediate betwsen the quartz and chalcedony end-member types,
they best reveal the relations of these two major types. These rela-
tions are described in the following section. They are interpreted as
a primary zonal pattern that can be recognized on all scales ranging
from individual veins to ths entire region.
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Quartz and chalcedony relations in veina of mixed type

The relations outlined above do not show that the quartz and
chalcedony veins are of differcnt ages, but rather they show that
1ittle basis exisis on which to conclude the different ages for these
two types of veins, The best place to see relations of quartz and chal-
cedony are in veins of the mixcd group for in these veins both majer
types of vein material are present in large quantities. The conclu-
sions reached from observations made along many of these veins are:

1. Quarts and nost chalcedony in different seguents along_tho
vein are contemparanecus. During mineralization silica was deposited
as quartz in one part of the vein and as chalcedony in othé.' parts of
the same vein. | |

2. With tine, quartz deposition ceased and chalcedony was ‘ds-
posited in the quartz rich part of the vein. |

3. The quartz rich part of the vein represents a care and 18" '
that part of the vein where mineralization was most intense in the
sense that the most stable farm of 8ilica was deposited, sulfur and HY
were most abundant, and the envelope of: altered rock is widest. |

The relations supperting the firat two conclusions are pre~
Sented below, Those leading to the third conclusion are presentod. in

later section.
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Arrangement of quartz and chalcedony

;ﬁ nearly all of the mixed type of veins, quartz and chalcedony
are arranged in a constant and aystematic manner regardless of the
relative amount of the two types. The general pattern in many veins _
is a care of quartz surrounded by chalcedony. Simple veins consist of
one quartz lgns with chalcedonic extensions; more complex veins may
have more than one quarts lens that overlap each other or are strung
out along strike. In most places, these cores are a compésite lens
built up of quartz bands. Both individual bands and the over-all
lens of quartz thin in both directions along strike. As the quantity
of quartz decreases along strike toward the ends of the lens, the
relative amount of chalcedony increases, and individual bands change
gradually from quartz to cha;cedorq', while the width of the bands or
veins may remain co.stant. In general as the relative amount of
quarts diminishes from the center of the core taward the ends of the
quartz lens, the ngain size of the quartz decreases and the vein changes
gradually from a quartz type of vein to a chalcedony type of vein, In
the core the quartz is nearly a_lwa.ya. milky and aubhédral; the cr;raialn
are typically thorough;y intergrown into a compact ms.. Toward the
ends of the quartz lens, the crystals become 8o fine-grained that
the quartz treaks with a rough hackly surface. The coler ;xixmg;a from
white quartz to gray chalcedony. Many veins, either ihnple or co-
Plex, have a gheath of cha.loedox;y bordering the sides of the quarts ‘
1en.-; in addition to the chalcedgnic extensions ot' the quarts lens,

JON
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In some places where the chalcedonic ends of the quartz lenses
cou.'l'.d b.e traced through good exposures, the chalceéony was found to
extend along the sides of the quartz lens, and to form a sheath around
the quartz core, discontinuous or thin where the quartz lens is widest.
The marginal chalcedony sheath is gomed largely of silicified and
otherwise altered wall rock; it is the same as the thoroughly sili-
cified rook of. many chalcedony veins, and it grades outward into un-
silicified wall rock. It contains relics from the wall rock as grains
of igneous quartz, small clots of clay or sericite, and pyrite dis-
seminated through it is suggestive of the pyrite disseminated in the
aericitic. bor&ar zone of many veins. Where the chalcedony sheath is
preaent nay crosscutting stringers of chalcedony extend inward through
the quartz core, indicating that chalcedony deposition continued after
quartz deposition had ceaaed.

The relation of quartz and chalcedony are best shown by ex-
a.mples.. For this, two veins are described. in order of increasing oom=
plexity of structure., They are the Mineral Hill (42) vein and the
‘veins at localitiea 176 and 176.

The vein that outcrops on the Mineral Hill (hz) cln.ﬁl (ﬁg. b)J

‘/_Figure B. Geology of the Mineral Hill vein,

.

has three short quartz cores and long chalcedon)f ends, Theﬂcojrre east
of the shaft contains the milky quartz crystals up to 3 x 7 mm., and ‘
some o'i' the bordering gericitic rock has been replapéd by milky quartz
veins. The milky quartz in the two quar'tz cores t0 the west is all |
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fine-grained. These coaras also contain a noteworthy amount of chal-
cedony and exhibit chalcedonic ends. Both ends of the vein are com=
posed of chalcedony and the quartz cores grade into the chalcedony
ends of the vein,

Another vein that illustrates the relations rather well, e;ven
though it i3 of much mare complex structure, trends northeastward
through secs. 33 and 3L, T.6N., R.MW., This vein consists of four
mineralized segments separated along str:[.kt;- by stretches of altered’
rock. The two eastern eégneixte (176) are shown in figure K.'/ The

S Figuwe [. Relation of chalcedony and quarts.

easternmost of these is entirely chalcedony. The other segment, con=
taining both quartz and chalcedony, is roughly lens shape, about 600
feet long, and very well exposed. The southwestern end tapers to a
thin stringer before dying out, but the northeastern end branches into
Several main aérgnds that die out in about 200 fest from the main
part of the vein. The vein is a complex of nearly parallel bands of
vein minerals and altered wall rock. The vein minerals in the oﬁtcrop
are coarse pyrite probably of the quartz-pyrite uaenblnge, quarts and
chalcedony of the qmrtz-pyrite-chalcopyrite aasemblage, and late ‘_
barite. The former presence of other primary niner&'l.a cannot be as~ :
certained with certainty, The quarts is fine-grained, milky, and
compact. ‘ T
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The milky quartz forms two main lens-shaped groups of bands
and a few smaller groups, most of which thin rapidly. The strong,
parallel milky quartz bands arc separated by equally strong bands of
either siliceous pyrite boxworks or altered wall rock. The vein as
& whole, and the groups of quartz bands, are bordered intermittently
along their length by either chalcedony bands or highly silicified wall
rock that forms a discontinuous sheath of microcrystalline quarts.
The quarﬁz bands are cut by chalcedony stringers thaﬂl; merge into the
sheath, Toward the southwest, the major quartz bands thin and pinch
out and their position 'in the structure of the vein is occupied by
chalcedony. The banding is unbroken; the quertz becomes vcx;y ‘fine-
grained until it is microcrystalline; it loses its milky coler and ime
perc-eptibly changes to the chalcedony type of vein material..‘ The same
changes ocour in the branching quartz strands to the northeist, and
at their northeast ends each strand has changed from the quartz type
of vein to the chalcedony type of vein. The most northerly strand of
the vein is also lens-shaped and shows the change from quhrt; to chal- -
cedony in a slightly different way. In its central part, it is about
3 feet wide and consists of sericitized wall rock cut by many stringers.
of very fine-grained milky quartz. Both to the northeast and south~- |
weat, the quartz stringers becoms fewer in_:mm‘xber and ;lief‘c'mt. Thia
change ia”accompanied by an increase in the microcrystalline quartz in
the wall. rock within the zone of stringers, The introduction of micro- _
crystalline quartz has been so intense that it has re.piac)ed x.maz-'ly 100
percent of the wall rock & few feet farther along atr{ko beyénd the
last visible niJJqﬁuartl; '



ALTERATION

General features
2

Nearly every vein in the area has an envelope of altered rocks
arranged in a synmeﬁ'ical pattern on each side of it. The altered en-
velope consists of several bands, each of which is defined by a asingle
mineral produced during alteration. The pattern is much like that
described by Saies and Meyer (1948) for the veins at Butte. This con-
sists essentially of a band of sericitic rock adjacent _to' the vain
and bands of argillic rock further away. The major difference from the
altered rocks at Butte is that in the mineralized area the iron-bearing
minerals of the rock have passed through a more complex series of steps,: |
The iron-bearing minerals also are arranged in bands which occupy much
the same space as the argillic and sericitic bands. The succesaive
bands of iron-bearing minerals fram the vein ocutward consist of pyl;ite, ‘
iron-bearing carbonaté, and iron oxides.
~+  The different bands of altered rock are not considered to be
the result of several atages of alteration, but rather to be the result
of one or more reactions between interstitial pore fluids and minerals
of the qu#rtz monzonite. In general, the alumina and silica of the |
igneous rock minerals remain together and tend,'through one or more
inte:jmediate steps, tg become an end product consisting of sericite
and quarts. The iron, calcium, and magnesium of the igneous rock
follows a similar path of several steps and tends t'wa;-d a timi product
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in the form of pyrite or ankerite. The different courses followed by
the two main groups of ‘chemical. constituents are shown on figure 15,
The different altered bands can be seen anywhere in the area by cross- '
ing an altered z.one in a direction normal to the atrike.

The products of alteration are not the same around all of the
veing, but the differences are completely gradational and can be re-
lated to the type of vein associated with the altered rocks. In
" general, as veing tend to change along strike from quartz 'veins to
chalcedony veins, the innermost altered bands become thinner and pinch
out against the vein, so that further along strike the vein is adjacent
to successively outer bands of altered rock. If this trend has gone
far enough, the vein near its ends is bordered by nearly fresh rock.
Stateci differently, if the vein extends far enough along strike, it
passes into unaltered rock.

In this section of the report, the different mineralegical
. banda of altered rock are described along with the:ir structural control
and some of the chemical changes that have acconpanied alteration.



Purpose of additional work and method of study

In 1953 and 1954, Sam Rosenblum, U. S. Geological Survey
geologist, made a preliminary study of altered rock samples from
several veins. He concluded (Becraft, Pinckney, and Rosenblum,

1963, p. L2) that the alteration pattern around quartz veins

was much like ‘that at Butte (Sales and Meyer, 1948) and consists
mainly of sericii:.e near the vein, clay minerals beyond the sericite
band and an outer fringe of chlorite. However, he found that at
least one chalcedony vein lacked the inner or seri.cite band near
the vein. When the gradual change from the quartz type of vein to
the chalcedony type was found, it was thought th‘a‘h an accompanying
change in the altered rocks may also occur. The work was greatly
hampered by lack of complete exposures across most altered zones
so that many details are not well known. The major features,
though, seem apparent. ‘

The field work consisted.of noting, mapping, and sampling the
altered rock along the strike and across the strike of many veins to
the extent permitted by underground and surface exposures. Surface
exposures of altered rock are very poor; the workings of the .accassible
mines are not extensive, and the crosscuts that are acceséj:ﬁlz'e, raz:ely )
extend from the. vein to unaltered rock. A pattern of altered rocks has
been pieced together by oﬁaerving major features in ocutcrops, studying

-
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thenm in more detail undergrounc and in the laboratory, and by correlat-
ing the alteration pattern with the vein type. The altered rocks
around hundreds of veins were observed and noted in an much detail as
possible. Dozens of veins werc followed for their entire length and all
changes in their alteration pattern that were diacer;xiblo in youtcropa
were noted. Many of these were mapped in detail on the surface and -
wherever poéaiblo they were mapped and sampled in mgch greater 'datail
underground. Samples were taken underground at irregular intervals
from the edge of 32 Veins to the least altered rock exposed. The field
work was carried cut to what was thought to be the point of.diminish-
ing retu}:na.

The laboratory work has confirmed all zZone boundaries that were
recognized in the ‘field. Over 300 thin sections of altered rocks wem'e'
examined and suites of aJ.te.red rocks from 1l veins were analyzed by
X-ray methods. The minerals of the altered rocks wers identii‘igd by
standard polished 'section, thin section, and X-ray techniques. The
clay minerals were identified by the basal spacing of untreated and -
ethylene glycol-treated specimcns on glass slides.-' Other minerals
weres identified largely from thin sections only as to their groﬁp, but
detailed optical measurements were not made, and mos_t{:"s_pecie‘a ‘within'
the groups (or solid solution series) have not been :I;ientgie_d_'; The
iron exide minerals are often soft, earthy aggregates than can be
polished only with éreat- difficulty; consequently they were identified
only as iron ores except in a few specimens. Similarly, no» a.t‘b‘ért:pt
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was made %o identify specific titanium oxide minerals that form masses
of leucoxene, Carbonate minerals were identified as iron-bearing or

non-iron-bearing only., Most specimens probably are ankerite oar dolo-
mite.



Structural control of alteration

The model of alteration developed in this paper requires that
altered mineralogical ?ands be symmetrical on each side. of the feeding
fissure. The fissure is, therofore, considered to be the most important
single control of alteration. Bilateral symmetry was seen in the field
along thousands of simple/ fissures. In contrast to this, the altered |
rocks along many veins are asymmetrical. They may be very wide on one
gide of the véin and narrow on the other, and altered areas of this
sort have beeﬁ described in the literature as being pervasive in
nature and not related to the veins within them.’ These wide zones of
altered rock have resulted from the merging of altered bands formed
along a series of closely spaced fissures. It must be emphasized that .
all asymmetry of alteration is geometrical only, and not mineralogical,.

The manner in which structure has controlled alteration is
best seen by examples., Figure 5 shows a simple joint system at the end
of the vein in the Bunke;e. 11 (1h)'/ mine along which alteration is

S

Figure 5. Geology of the Bunker Hill mine. Lower Adit. "

\

cloae}y controlled by joints. Thé symmetry of alteration is Soth
gecmetrical and mineralogical. Where the rock ia sheared___b_etﬁgen .
mineralized Joints (ﬁ.g. 5B) the hanging wall is weakly cra.cke;i and
alteration extends a little further out into tho hanging wall than
into the footwall.

,-' 56
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An example of more extensive breaking and alteration along one
side of the vein is shown in fizure 6,'/ in which alteration extends

S Figuwe 6. Extent of alteration, W. Wﬂ.aon vein,

about 65 feet into the hanging wall and only about 10 feet into the
footwall. Many examples of geometric assymetry of alteration have
been seen and they all are related to extensive fisswring on one side

of the vein, usually on the hanging wall side. '
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Method of presentation

The altered rocks described herein are discussed in-terms of
the products of alteration arranged in bands beside the vein. Each
band is named far the mineral that was produced at its outer edge.

The bands are shown schematically in figure 7.'/",

J Figuwre 7. Minerals in bands of altered rock.

The width of the band shows the interval of rock in which a
particular product is found. For example, the kaolinite band refers
to only one mineral produced by .alteration. This band contains minerals -
from the igneous rocks, such as, potassium feldspar, quartz and often
biotite. It may also contain other alteration minerals, such as, leuco=
xené , chlorite, carbonate, iron oxides, or va.t_.ietiéa of quartz, but the
edges of the bands of these minerals are not coinc:l'.d'eht with the edgss |
of the kaolinite band. ‘

The term band is used in this sense in plat-:e’ of the more com-

mon usage of the word zone only to avoid conmaiqﬁ' with structural

zones and areal mineral zones. -- -
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. . Alteration of feldspar

During alteration, both plagioclase and potassium feldspar
were eventually converted to sericite; but they followed different steps
to arrive at this end product. Plagioclase was first altered to mont-
morﬂloni‘hé which 'in turn was converted to kaolinite, and this sub-
sequently wa'a converted to sericite. Potassium feldspar was converted

directly to sericite, and the excess silica was precipitated as quartz.



Montmarillonite and kaolinite bands

The three alteration products of plagioclase are arranged in
three distinct bands. . The g;;;?/ band consists of montmorillonite, the
next inner band consists of kaolinite; and the band closest to the vein
consists of sericite. Each band 1is the product of the alteration of
the next outer zone. At any point the sucoessive minerslogical stepa
in alteration are identical to that which can now be seen in crosscuts
extending veinward from unaltered rock.

The montmorillonite band is the farthest from the vein of the
plagioclase altered zox.ieu. Its outer edge, representing the beginning -
of plagioc},ase alteration, is usually gradational through a distance of
a fow feet. The extreme outer edge of the montmorillonite zone is
distinguiahed in mine warkings by a aprrinldj.ng ‘of plagioclaae grains
that swell and protrude from the walls. At this place, montmorillonite
®as produced mainly as patches in the calcic cores of only a few of -

‘the plagioclase grains., Further alteration nearer the vein, has con-
verted first all of the more clacic cores and zones of all i)hgioclase |

grains to montmorillonite (fig. 8), and finally even the more sodic zones are .

w b -

"/Figure 8. Montminonite selectively réplacing a plagioolue

-

crystal along a compoaition zone and along fracturoa. J.OOI. "

.
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altered. Albitis rims are the last part of the crystals to alter, but
finally the former plagioclasa crystals are‘completely converted to an
aggregate of montmorillonite crystals. These aggregates retain the form
of the original plagioclase grains and, in man& places, even the
cleavage and twinning are preserved in the pseudomorphs., The band of
pure montmorillonite is often several feet wide, and nearly everywhere
it is the widest of all of the altered bands. Toward the inner edge

of the montmorillonite band the plagioclase pseudcmorphs contain an
increasing amount of kaolinite mixed with montmorillonite. Toward the
vein the.-montmorillonite bénd grades into the kaolinite band by a
continued increése in the amount of kaolinite and a corresponding
decrease in the amount of montmorillonite. The width of the gradation
is usually two feet oar less, and on the veinward side all'montmoril-
lonite has been converted to kaolinite. The kaolinite band is commonly
less than one-third the width of the montmorillonite band. In the
kaolinite band, the shape and a little of the cleavage of the original
plagioclase is preserfed; but all visible sign of former plagioclase
.composition zones or.twipning has been destroyed.

The montmarillon;te and kaolinite bands can easily be distin-
guished in the field on the basis of color. The montmorillonite is
dark greé;isﬁ gray;'andii;parts thi; color to the rock. Thé»ké;iinito
is white, and in contrast %o the monimorillonite band,'the kaolinite
band appears almost white, Itrmay have a pinkish cast due %o fhe
presence of potassium'feldspar. ' i

Throughout the argillic bands of plagioclase alteration, the

potassium feldspar appears to have been mich more stable.than the .
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plagioclase. The major change is a tendency to become clouded as the
vein is approached, and to be most clouded in the kaolinite zone. How-
e.ver, in many suites of altered rock, no direct correlation could be
rade between degree of cloudincss and distance from the vein. The
cloudiness is apparently due to incipient scattered alteration of

potasasium feldspar to kaolinite as indicated by X-ray analyses.



Sericite band

The inner edge of the kaolinite band is marked by a sharp
change from kaolinit'e to sericite'/ within 1 or 2 inches, and from

J The term sericite is used here to designate a fine-grained
white mica with a basal spacing of about 10 X.

this point to the vein, all of the feldspar is represented by sericite.
The sericite-kaolinite boundary, nearly everywhere, is in sharp con-
trast to the gradational boundaries between kaolinite and monimoril-
lonite and between montmorilloni:be and unaltered plagioclase.

The outercedge, or front, of the sericite band is a narrow
zone in which all of the clays, chlorite, any biotite, and ‘tho potas-
gium feldspar were converteci to sericite. Tcmar'd the ocuter aide of |
this narrow zone, kaolinite was completely converted to sericite, but
potassiun reldspar was not. At the inner side, all of the potassium
"feldspar was altered to gericite, and the excess silica was deposited
as quartz. A% the sericite front the sericite is very fine-grained
whefa 1t Vas ﬁroducgd"in" the kaolinitic pseudomdrphs of plagioolase.

‘ For a short distance toward the vein, the aéridite becomes qunaing]y
coarser-grained, and large shreds and plates extend across oid fold-
gpar pain boundaries so that the original granitic rock terhuro was

" completsly destroyed. With the first noticeable mcreaae :!n grain
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of the sericite crystals, irregular fingerlike masses of coarser-

" grained sericite project into or through plagioclase paeudoﬁxorpha of
fine-grained sericite, or the coarser-grained sericite surrounds what
appear to be relic areas of fine-grained sericite. Thess relations
suggest that the coarser-grained sericite resulted from recrystalliza-
tion of the fine-grained sericite, and that i;t encroached on the
finer-grained sericite. Similarly then, the sericite front must have
encroached on the kaolinite band.

- The sericite band can usua_xlly be identified easily in the
field. In many places the flakes of sericite are coarse enough to
be seen with a hand lense. Where the grain size is too small for
this, gericite can be identif.‘ied by its pearly luster, uhich dis- A
tinguishes it from kaolinita,‘ which has a dull luster, In addition,
rock from the sericite band contéina no potash feldspar.



Alteration of irom-bearing minerals

‘ Biof.ite is the chief iron-.bearing mineral of the quartz monzo-
nite. During alteration of biotite the iron and titanium are separated
from the alumina and silica, and they follow independent paths. The
iron went through three successive steps, being contained first in iron
oxides, then in iron-bearing carbonate, and finally it ended up in
pyrite. Titania, released from the biotite along with the iron,
usually persists as leucoxens throughout much of the altered anvelope,
and Qventnall,v ends up as rutile, The alumina and silica of the
biotite wereucanverted to chlorite and finally to sericite.

Sons WIMQ and a small amount of augite are also present
in much of the quartz monzonitse. These minerals started to alter
gooner than biotite, but they appear to have altered in the same manner
as biotito. After alteration to chlorite, they lose their orig:lnal
identity, and for this re#aon they were not studied in detail, However,
all sites of mafic minerals contain the same alteration products when=- |
ever. alteration has proceeded beyond the initial stages. Foar this ‘
reason tha alteration of harnblende and augite is believod to be almost
identical to that of biotite. - . _ _

The alteration 'of biotite took place ilroughtut a wide band,

At the outer.limit of this band, biotite first started to alter either

. to chlorite or to change in composition or hpth.‘ - At the innu';linit of
‘the band, bioctite and chlorite were con'vertéd to sericite at the
sericite ﬁ'ont. _The freshest biotite Ervom unde;ground exposures

68
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frequently has been alightly altered to bright green ohlorite around
its edges or along cleavages. This chlorite is thought to have re-
sulted from deuteric alteration rather than hydrothermal alteration
because it does not increase in the direction of the vein. Increu;od
alteration of biotiﬁe converts it from an iron-rich variety to a
magnesium-rich variety. Unaltered biotite or biotite associated with
tright green chlorite is deep reddish-brown in color, and probably
is rich in iron; but as the vein is approached, the first sign of
hydrothernal alteration of biotite is a change of color, In thin
sections, the colar gradually becomes lighter shades of brown or
green, then yellow, and finally almost colorless.

In the interval through which biotite changes color and probe
ably composition, it becomes partly or wholly converted to chlorite.
The chlorite is a fine-grained colorless aggregate of subparallel - |
phtes that grew along ;he biotite cleavages or along the edges of
biotite grains (see ﬁg. 9 )f‘/ The green chlorite was converted té

/Figure 9, First alteration of biotite; chlorite and car=

bonate around the edge of biotite grain. 100X,

- —
2. =

colorless chlorite, In the , direstion toward the vein, the chlorite -
magses i.ncrease 1n aizq at the expense of the biotite (aeo ﬁg. 10),-/










































Changes in alteration along strike

In most places the bands of altered rock appear Ato be parallel
to the veins, except for minor irrogularities-. However, along .Strikc
the inner bands becoms thinner and finally pinch out against the side
of the veins. In ef@‘ect, the boundaries between altere;l bands con-
verge with the veins., The silicified band is the only known e;xception.

In addition, the bands belonging to the two main groups of
alteration minerals (the aluminum silicates and the iron-bearing -
minerals) converge with the vein at different rates, that is, the
bands of iron-bearing minerals converge more rapidly than the bands
of alum:mum gilicate minerals, and they cross through the aluminum
ailicate bands., Consequently, the mineral assemblages of an alterod.
envelope change glong the veins. A simple altera*l;.ion pattern that
shows a succession of bands extending outward from the vein oannot -
be applied to either all veins or to all parts of one vein in the
‘area. Instead, a pattern that shows both the succession of bands and
the ma.nner in which they converge is required. Such a‘inttorn of :
alteration effects is shown schematically in figwe 16.-/ =

-
p
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~/Figure 16. Relation of veins and alteration.. -

The position of .baupdariéa, determined either §y_napping cr
.. from crossections of altered rock, have been linked togeth; along the

5,
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horizontal axis by using the grain size of the quartz as a guide in
constructing the composite diarram. The horizontal and vertical axes
of the diagram are necessarily of different scales in order to have
space to show the more important features, The horizontal dimension of
the diagram represents from a fpw hundreds of feet to several thou-
sands of feet, and the vertical dimension represents a few tens of feet -
to a few hundreds of feet.

A series of bar scales along the top and one side of the dia=-
gram in figure 16, shows the main minerals within the altered bands,
the varieties of quarts (from coarse-grain to fine-grain), and the
type ofAveins' and altered rocks typical of each zone in the z&nal
pattern. Going from left to right in the diagram, shows the sequence
of aluminum silicate alteration products (sericite, kaolinite, mont-
morﬁlonito)’ in the wall rock adjacent to the veins, .A similar
sequence of pyrite, carbonate, and iron oxide is also apparent. Parts
of these sequences can be seen along many veins in going frrom their
cores to their ends. In addition, within the veins a change from py- -
rite to carbonate occurs along strike, and at this point the wall .
rock changes from pyritic to carbonate. n'om a study of thin sec-
tions, a s:hnﬂar change from carbonate to ﬁ'on cu:ide ia thought to '
~ ocour, but this is obscurod by weatha'ing products ao Vaa not mapped.

. The posi'biona at which the bands of sericite, kaolinite, py~"
rite, and carbonate pinch out agai.nsf. thé vein are not rigid]yj ‘fj_xgd .
péints as might be assumed from the diaérnm. - The sericite piz;;hout‘ .

© . ranges frcm the location of the lnst ﬁ.ne-gra.i.ned nilky quartz to well

out in the chalcodoxw aegmmt of the veins, ‘and all nilky quartz liea

- .—Y/
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within sericitic wall rock. The pyrite pinchout lies within sericitic

rocks and has a considexjahle range along the diagram relative to the
varietics of the i;uartz. The carbonate pinchout has been f&und in
veins ranging .in type from moderately coarse-grained quartz to chalce-
dony. ' '



Caemical analyses of altered rocks

Suites of altered rocks from three veins have been analysed

<

chemically, and the results of the analyses are presented in Table I.

'/Table I. Chemical analyses of altered rooks.,

The suites were selected to represent veins characteristic of different
places along tixe x-axis of the alteration diagram (fig. 16). Analyses
fram a non-sericitic chalcedony vein:are not included in table I
because these have recently been published by Rosenblum (Becraft, |
Pincimey, and Rosenblum, 1963, Table 12). The Boulder vein (116) is
a fine-grained quartz vein with a little chalcedony enclosed in an
altered envelope about 12 feet wide at the place -sampled. The Cres-
cent vein (27) is a moderately fine-grained quartz vein (no chalcedony)
enclosed in an altered envelope that is less than one foot thick in
many places. The Crystal wvein (100) consistslof coarse-grained quarts
and abundant sulfides enclosed in a wide altered envelope. This vein .
15 representative of the left side of the alteration diagram (fig. 16).
Some of the analyaes have been recalculated. Rocks that wers L
cut with a diamond saw cooled by oil, wers found to contain from one
to five percent organic matu'ial, even though they had baen soaked in ‘
‘solvents for several dqa to remove the oil and then dried in an oven ,

. - at 35°0. for two weekn. Anai;rseé of those rocks were recalculated so -

that the inarganie constituenta total 100 pm-cent.

-
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Table I - Chemical Analyses of Altered Rock'/

Cr--3tal vein (100)
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Lab, No. 155579 155560 155531 155582 155583 15558L
510, 67.3 67 66.2  66.0 65.3 65.7
1,0, 1.9 15.3 16.8 15.8 15.1 15.8
Fey0q 1.9 1.7 2.4 1.6 2 A
FeO ; 108 106 1.0 1.5 50,4 108
g0 1.2 1.2 72 86 1.1 55
Ca0 3.k 3.2 2.2 71 57 .18
¥a,0 3.2 3.2 2.9 .28 08 .09
K,0 ol b2 3. 6.l b9 L8
H,0 1.2 1.2 3.8 h.6 2.1 2.5
110, L2 Lo .37 S S0 i
P20y 17 15 .16 e i J12 J1
MnO 10 .09 -0l .20 1.8 J16
co, A ?.Bh Lo < .05 1.1 1.1 b -
FeS, S 20 .0 ¢ <10 ¢.10 1.6 6.9
803 < 010 < 010 < Om < Olo <010 < .10
100. 100. 100, 100, 100, 100.
Total Fe zoll 5011 6.1
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Tible I (Cont,.)'

Crescent vein (27) Boulder vein (116)

O q¥ g ¥ ¥
2.3 o - g 28 q
S 54 8 o g0 ~
[} 5 ﬂ 0\'3 1] 3 i .3 3 “?3
o R e il 4E8 Al
5 5 a9 8o Ede 234
~ o g foa 53 o9 590 5H &
S 2 @ 9 S H S8R HoA
Lab., No. 155588 155589  1£3590 155585 155586 155587
510, 62,7 63.6 713 6L.7 63.8 62.6
1,0, 17k 19.2 16.2 | 16.1 17.L 16.6
Fe203' 2.L o9 . 3 . 3'3 3 ol 5
g0 1.3 1.2 Rel 1.3 1.0 2.0
CaO 3.6 . 059 olh 2.8 . loh . .hB
Nay0 3.2 .22 a1 30 & a1
K,0 52 L8 bk " b6 L8 L2
Hy0 2.2 6.3 3.0 22 b2 3.8
TiOz . obs ’ 053 oh? ' . 055 ’ -61 055
PZOE 026 032 016- . ) . .25 028 023
MnO 023 0l - it 05 _ W10 0 .89
co,, 3L <05 <08 405 <05 3.
RS, <0 - J5. 1k T P T B
S0 <10 <10 ' <Jao0 <.10 <10 <10
100, 100, 100. 100, 100, 100.
Total Fe L.O 3.3 2.6 3.6 2.9 k.1l

3 ../ Paul L. D. Elmore, Ivan H. Barlow, Smnuel D. Botts, Gillson Chloe, analysts.

Y Corrected for S percent organic mat cn~ial.
. -/ Corrected for 1 pecrcent orrrmic material,

Q/Corro.otnd for 2- percent ori wnic m*torial. ' .

L = - - . T
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Each analysed specimen was selected to represent a band of
altered rock shown on figure 16. The major minerals are shown in
table I, and the percentage variation of major chemical constituents

is shown in figure 17."/ The gains and losses éloaely reflect the
o .

‘/Figura 17. Variation of the constituents in altered rocks

expressed in percent.

mineralogy of :hhe al;cered bands. Constituents loat firom the altered
rock are soda, magnesia, and lime. Added constituents are water »
carbon dioxide, and sulfur, in addition to iron in the pyritic band
and silica in the silicic band. Those constituents for which a stable
mineral phase occurs, ars retained to a large degree, whereas those
constituents for which no stable phase occurs wers almost entirely
leached from the rock. |
.Soda is the most mobile of all the constituents., Most of

the odium released from plagioclase apparently remains in the mont- -
morillonite, but in the alteration of montmorillonite to kaolinite, -
nearly all of the soda is removed from the rock. Tl;e Crystal (100)
and Crescent (27) veins have well defined kaolinite fronts, and this
15 reflected in the marked change in the content of soda across the
kaolinite fronts. The Boulder vein (116) o;the other hand, ha‘s a
broadiy gradational kaolinite front in which soda was not so’ corﬁpleto]y
_renoved at the placs sampled. | - :

| The variation of magnesia is q_qmplicatcd by the number of
minerals that can contain it (biotite, chlorite, mo'ntmorillonite, and

) carbonate), and the fact that each may be generated or deatroyed at .



d:.ﬁ'ercnt places in the altered envelope. In the suites from the
Cryatal (100) and Creacent (27, vcms, half of tho magnesia was lost,
although in the (k'ya'cal suite & gam in magnesia occurs at the seri-
cite and pyrite fronts. This gain in magnesia coincides with a two
to four inch wide band rich in carbonate that lies a few inches out-
gside of the fronta‘-of pyrite and sericite. A similar situation
apparently exists at the Bouldcr mine (116) where the content of
magnesia drops slightly from the chlorite to the argillic-iron oxide
" bands, but then incr,eases' sharply in the carbonate band at the pyrite -
front. The pyrite-deﬁcient altered rocks at the Crescent mine (27)
do not show a local enrichment of magnesia.

All of the suites of altered rocks show an increase of potash
at the kaolinite front ar in the kaolinite zone, The source of this
potash is not known. However, veinward to this point in maxv of the
altered emreiOpes, biotite was progressively destroyed and may have
been liberating potash. A mineral in which this potash must have
lodged has not been identified. Total iron shows a similar increase
in amount, but this can be accounted for by the precipitation of :!ron
" as pyrite at the pyrite front. An.increase in iron was not found at
the Crescent mine (27) vhere the sericitic band is non-pyritio. --..



Time of alteration

The time during which the alteration pattern was produced
ranges from the deposit:_i.on of the pyrite-quartz assemblage to nearly
the close of alf.eration. Every vein, regardless of jJ:Lze, that contains
the: pyrite-quartz or a later assemblage, is associated with the same
" pattern of altered rocks arranged in mineralogical symmetry along the
vein. _ .
| Many of the larger veins containing either quartz and tourma-
line or quart; and molybdenito are also associated with this pattern
of alteration. However, many small veins either have no altered rocks
along them, or the pattern of alteration indicates the alteration is
not related ﬁo the veins. Two axamples illustrate the age relations. '

. In the Polaris adits (79 and 80), veins containiné the quartz-
molybdenite assemblage also contain either the pyrite-quartz assem-
blage or the galena—sph;alerite asgsemblage and are enveloped in altered
rocks typical of the intermediate type of veins.. At the end of a )
crosscut in the northern adit (79), several small veins of q\im"bz and
mhbdonite branch from a Iarger vein containing sphalerite, galena,

- moly’odenite, and quartz, “and extend through the wide argillic bands of’
the Iarger vein. The argillic bands contain unaltered residual
bouldera of quartz monzonite as well as thin bands of saricite along

- “same of the molybdenite veins, The residual boulder shown in

L]
.



figure 18 ,'/ is cut by a flat lsing vein of quarts and molybdenite, but

-/%1gure 18. Relation of quartz-molybdenite veins to altered

rocks.

it has not been altered by solutions that deposited the vein,and plagio-
clase crystals cut by this vein are fresh. Therefore, ﬁhe soiution
that deposited the quartz-molyudenite vein, did not produce the argil-
lic alteration. The sericitic bands are also younger than the quartz=-
molybdenite mineralization. The steeply dipping veins branch from the
larger vein, and are enclosed in sericite, but the flat lying vein is}
not. Therefore, the alteration is thought to have been atxpérimpose;i
on the quartz-molybdenite wveins, probably by the ‘solutions that de--
posited the later mineral assemblages.

The relative age of the alteraﬁion and a quartz.tourmaline\'
vein is 1llustrated in.figure 19,'/ which showa a small tourmaline

S Figure 19. Relation of tourmaliﬁe vein to altered rock.

vein in a crosscut at the Lone Eagle mine (h9) The quarts monzonito
_along one side of the voin is altered, but that on the opposite: aide

of the vein is unaltered, even though it is sheared and troken in
p].&ce;.~ If the solutions that deposited the vein ala;> altergc}l 'the
~rock, they would surely have produced alteration effects on both aides
~of the vei;x.A Such asymmetric distribution of the altered rock strong]y
auggests that» the altering solutions vere resiricted to ons side of the
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vein.and therefore, the alteration is younger than thé vein.

Similar age diﬁ‘erences batween altered rocks and veins con;-
taining the earliest vein mineral assemblages have been seen in
several places. They indicate that these veins are earlier than the
altered rocks, and that the larger veins were re-opened during later
gtages of mineralization. -

Ne'ar- the close of mineralization, alteration apparently ceased
along some chalcedony veins. This is indicated by late stringers
that branch from the veins and pass through the altered aenvelope into -
fresh quarts 'monzonito.. This is well 11lustrated by a stringer in
the Mineral Hill mine (L2) (figures 3B and 20).

~ Figure 20, Late stringer of carbonate and chalcedony







ZONING

The Yeins in the mineralized area are strongly zoned,' and the
over-all pattern of the zoning is much like that in the vein at
locality 176, or the vein at the Mineral Hill (L42)mine (fig. 3). In
fact, veins of this sort, that change along strike &om quartz to
chalcedony and from sulfides to rhombic carbonates, were used as a
guide in working out the zonal pattern. The relationship of these
gradually changing mineralogic features, and other &].';.ied ones, were
then seen to farm areal and regional patterns.

Zoning was not noted by previous workers, probably for sever-
al reasona'. | In most p'laces, the changes in mineralogy are gradual |
over distanc;s :anging up to a few miles. The zonal pattern is
mineralogically simple, but in contrast, it is afea]ly complex. The
areal complexity has resulted from zonal patterns having been developed
around several centers, and the zones related._ to different centers
often overlap in many:plncea to form an over-all complex pattern. In -
addition, the zoning pattern is closely related to time and stages of
mineralization. The zonal‘patta'ns, therefore, c.ould ﬁot have been
ascertained until the detakls of the depositional Qeqﬁ'enca had been

<

established. )

‘ The zonal patterns shown on figure 2A are thoge developed
o _vg.iuri.n.g deposition of the quartz-pyrite assemblage., Since this assem- i
‘blage and its associated altercd rocks 1s the youngest and most
widespread in the area, it 18 the most useful to show zonal patterﬁs.

i ’
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i’ .
ioning‘ is shown on figure 2A on the basis of 1) the varieties

of quartz, 2) the extent of sericitic alteration along the veins, and

3) the distribution of pyrite and carbonatas.

~



Quartz zoning

On the basis of the varieties of quartz, the veins are assigned
to three major types: a central type, an :lntel;mediate type, and a
peripheral type. This zonal classification is parallel to the descrip~
tive classification (quartz veins, mixed veins, and chalcedony veins),
except that finer-grained, and usually smaller, quartz veins are
grouped together as the intermediate type. The main f;atureé of the .
zohal classification are shown in Table-II“‘/»and the areas where each

‘/Tabla II. Characteristics of zonal type. .. _

type is predauinate are shown on figure 2A,
\ The main centers of mineralization are at or near the following
miness
| Central type: Alta (76), Gregory (51), Comet (131), ﬁstﬂ (100),
Intermediate typer Lee Mountain (5), Eureka (13), Grescent (27),
inv-Peerleas {26); Frohner (22)y Iiverpool (35), &ltﬁore (164),
. Jib (121), and Minneapolis (125). | ‘

ORGP

. m of the centers when comf;ir.ed to each other, can be seen to

ﬂ,{ “:progrééaivehr chahge outwardly toward the edges of the mineralized area.'

) :'As a x;\fxla each succeeding center outward from a central area of mim‘n-al-. .4
ization tends to be lower in the zonal pattern éhan the next inner

’ '_A-c:on't;er_f In comparing veins in-order to piace them in their sonal

position, the cores of veins were usually used, In this wa',v only the
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parts of the veins that are roughly equivalent are compared to each
: Aothez‘. | " | ’

The distribution of tf:e veins around the centers forms a
camplex 'pa.ttern; the influence of one center merges with that of
other centers in many places., Fronm a center outward the veins be-
come successively more like the types shown to th.e left on the diagram
of veins and altered rocks (fig. 16), and at gome point or line be-
tween centers a :gversal of types ocours where the> inﬂnence-of ano'th-

er center is met. Each center and the veins related to it is triefly
described in the appendix. -



‘ Zoning of pyrite and cnrbonaio
.

The relatiozs of pyrite to carbonate in the veins is spatially
the same as that of quartz to chalcedony. Pyrite occupies a cemntral .
position, either in the 'vein or areally, and carbonates occur around
the pyrite. A pyrite-carbonate boundary is not shown for the main )
mineralized area on figure 2A because of the difficulties of distin-
guishing the oxidation products of pyrite from those of carbona?a in
many of the weathered outcrops. Zoning of these minerals was established
and is shown areally in the Maupin Crezk district on figure 2A. The
zoning of pyrite and carboqate on the scale of a mixed vein is easily
seen at the Mineral Eill (42) mine(fig. 3).

In the Mineral Hill (42) vein, pyrite is closely associated with
the coarser-grained qﬁartz, and carbonates are associated with chalce-
dony. In the outcrsp (fig. 3A), all of the pyrite occupies a central
position .’m the core of coarsest-grained quartz. The rest .of the. vein
contains carbonate tut no pyrite. _ )

The Mineral Hill mine workings expdse a gro&p of small veim_i in
the footwall of a lirger brecciated chalcedony vein (fig. 3B and.C).

Near point A (fig. 3) all of the veins are fine-grained nilly ‘quartz
 veins that contain zyrite and chalcopyrite, but no c:;rbonate,- Dlagonally
across the strike f the veins, between point A and point B, ths veins
grade through fine-grained dark quartz veins to chalcedony véixé. Along
with this &mnge, {3e veins change ﬁjoﬂi aulﬁdo;-bou:ing_ ve:ﬁm ’to carbonate

-
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bearing veins withouﬁ'visible sulfides. A similar change takes place
" along the strike 7of the veins. Along the northwest wall of the drift the
veins contain sulfides and very little carbonate, but along the southeast
side of the drift the veins consist of chalcedony and carbonate.

The only place pyrite—éarbonate areal zoning could be reliably
established is in the Maupin Creek district east of Clancy, in which

pyrite occupies a central position.
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Areé.l sericite boundary

Fran the vein and alter-d rock diagram (fig. 16) it c;an be seen
that veins extend beyond the pinch-out of the sericite bands. The |
only veins that do this are chalcedony veins of the peripheral zone,
or the chalcedonic ends of mixed veins. This general relation, seen °
in many veins, seems also to be true for large aroa§ of veina, and it
1s the basis for the sericite boundary shown on figure 2A. '

The sericite boundary marks the outer limits of areas within
which the veins are entirely enclosed in sericite, i.e., within pheso
areas sericite is more extensive than the vein., Outside of the bound-
ary, sericite occurs along many veins, but in all of theao, chalcedony
extends beyond the limits of sericitic alteration.

Mineralization beyond. the limits of the sericite bands is
found in three major forms., Usually veins are bordered by sericite
for a part of their length, but their ends extend beyond this s‘ericite
pinch-out. In other veins, the vein is wider than the sericite bands.
At such places the vein cbntains a band of sericite within it, but the
botders of the vein lie out in the argillic bands. ALL veins of this
sort consist predominately of silicified rock, and it is appafr@x;t that
silicification in them has proceeded outward farthez; than the sericite
front. In the third major farm, the main body ofi the chalcedoﬁ vein
lies within the sericite front, but many str.'mgera of chalcedony branch

out into the argillie 'bands. g , L =
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The sericite boundary should not be considered as a sharp line
along its entiro’length. . Where the veins are widely spaced, the loca=-
tion of tfxe boundary u#a eagily determined.. However, in some areas
of closely spaced veins, especially south and east of Clanoy, the
location of the boundary could not be so easily determined and in
these places the boundary should be considered to be a broad zone
about 1000 feet in width., Also in same places aéxth and east of
Clancy, the location is uncertain because of weathering effects super-
imposed on altered rocks.

The sericite bound;ry roughly encircles. the mineralized area.
I% can be identified around the north, east, and south sides of the
mineralized area. Along the west side of the area, veins both with
or without sericite extending to their outer limits are known, and
presumably the sericite boundary could be drawn through this part of
the mineralized area. In this part of the area, the boundary probably
would be simious, bui exposures of veins were considerod to be 100 poar -
to pam:lt extention of the boundary. '



Relation of quartz and sulfide minerals

. to aericite‘ boundaxry

All of the quartz veins, almost all of the mixed veins, and
nearly all of the sulfide bearing chalcedony veins lie within the
sericite boundary, Some veins outside of the boundary contain a
little quartz and sulfide minerals, but where these nminerals occur,
they are within that part of the vein enclosed in sericite. Excep-
tiéns to this are rare’ graﬁm deposited in open spaces, and a deposit
£i11ing an open breccia at the Obelisk mine (1L0) (Becraft, Pinclmey,
and Rosenblum, 1963, pp. 50=51, pl. k). e '
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Collapse of the zonal pattern

Near the end of mineralization, minerals characteristic 1:.he
the peripheral zones and out part of the intermediate zones were
deposited well in toward the central zones and into centers of minerale
ization of the intermediate zones. A little data suggests that the
~ areal sericite boﬁndary may also have moved imta.rd; Thus, the zonal
pattern that was es‘bablished‘during deposition of the quartz-pyrite-

chalcopyrite asgemblage app‘ears to have collapsed.
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Causes of zoning
Terperature

o
The temperature of filling of 1Ll fluid inclusions found in
quartz of the quartz-pyrite-chalcopyrite assemblage are presented in

figure 21.~ The f£illing temperaturcs range from 149°C. to 360°C. The

J

Figuwre 21. Filling temperature of fluid inclusions in quarts
crystals.

inclusions are from 7 veins i'anging in zonal .typo from low rani inter=-
mediate type to central type. Inclusions from the cores of higher rank
veina filled at higher temperatures, and inclusions from the cores of
lower rank veins filled at lower temperatures. .
'ﬁearly all of tﬂe inclusions were run by the writer in a Leits
heating stage. Sixteen inciusiona from the Eureka (13), Basset, and
Golcondas(8L) veins wercrun by either D. H. Richter ar Corral F. '
Parker in Survey laboratories using different equipment. The fluid
inclusions used for temperature determimtiona Wers in platea l-2 mm.
.thick, cut parallel to the c axis of the quartz crystals. The inclu-

aions ware clasai.fied as being either primary or secondary after.

detaﬂed axamination of tha m-ystal plate. ) Some primary 1nc1usions are - '

»
3 .

-situatod 8o that they could havo been modified in some wa;r. They are

easy to recognize because they 1) lie close to fractures or_tho pro-
jection of fractures, 2) have thin walls, ualua‘lly because of the

107 .
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presence of other inclusions ncarby, 3) have a large surface area,
(eegey thin flat inclusions) or a long tail-like extention, L) or
show signs of recrystallization after entrapment.

The fi1ling temperature data plotted on figure 21 are nosthr
those of primary inclusions, but also include a few from the ‘"pmodi-
fied" primary type. The valué of carefully selecting the inclusions
before determining their £illing tenpw;tures is 'Apparent from
figure 21. Nearly all of the f£illing temperatures from unmodified
primary inclusions plot in small groups, whereas filling temperatures
from modified primary inclusions show considerable scatter, and their
values probably can be ignored. Filling temperatures of secondary
inclusions are not shownj many secondary inclusions were run, and
they all filled at lower temperatures than their neighboring primary
inclusions.. '

The data show that higher temperatures px;evailed in the
cehters. of mineralization and that lower temperatures are character-
igtic of the veins axround these centers. The highest £illing temp- .
m'aturea found are from a major center of mineralization, the Cry-
stal vain (100), ana 4the next highest are from a small center, the
Bureka vein (13).  Veins away from these centers contain inclusions
that £illed aé Lower tun}:eratures. o N ‘

Thc temperaturo ‘values tbr the Gryatal centerr of mineraliza- :
t;on'iare n'om a large soned quartz m'ysta.l from near tho weat end of
‘ tho ore body. The inner zones of this mrystal vere probably deposit-

I R

ed dm-:Lng thc main part or the quartz?-pyz;ite-clialcOpyrite uuemblage. |

Tho outer zones, however, contain bands of carbonate inclusions
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vhich indicates that they were (depositeci during the time the zonal
pattern-was co]lapaixig, when carbonate was being.depos'ited at the
" west end of the care of the Crysibal vein. The inclusions from the
inner part of the quartz crystal fillcd betweeﬁ 320°C, and 360°C,
with the innermost inclusions filling at the highest temperature,
Inclusions from the outer bands that cqntaixi the carbonate filled
betweeﬁ 1_9300. and 220°C. and show a gystematic drop in temperature
with time. | | | ,
The filling temperatures from the outer bands \are comparable
to those from the Uncle Sam (108) and Vindicator (94) veins, about
two miles %o the narth and south of the Grystal (100) vein. These
veins are both of low rank intermediate type in the zonal pattern.,
The Uncle Sam vein typically contains very fine-grained quartz and‘
carbonate; pyrite is sparse. Inclusions from it filled between
198%C. and 210°C. The Vindicator vein (9h) is much like the Uncle
Sar@ (108) vein except that the quartz is a little coarser-grained |
and a thin pyrite band is prescnt. Both veins are enclosed in thin
sericite bands. Fluid inclusions in sma]l ‘Quartz crystals from |
the v1ndioatab vein (9h) filled between 197°c. and 218°C., and moat |
of them filled near 200 C. The base of these crystals contain -

pyr:.te grains* the:lr tipa are capped w:.th chalcedony.

- -
o o ——

The lowest tming tempa'atu'es related to the Crystal centa' '
. ) f - 1'1'3
-"of nd.neralization are from the Ada vein (96). This amall vain 1lies

-4

. near tho northeast edge of the group of veins zoned around tho Cry-, ‘

RS B

*atal center. Fining tampa'aturcs of :lnclnaions .ﬁ'om it range ﬁ'om

M S St} ‘i. - hd

1h9 C. to 163°C. a : ,n-.>i S



A simiiar difference in tamperature was found in the Rimini

-+ district, where the f£illing tanpe;.'atures of inclusions from the

Eureka (13) vein are higher (220°C.-241°C.) than those from the smaller
nearby 0. H. Bassett vein (206°C.-21h°0.).'/ In addition, the highest

- Sample taken from adit LOO feet south of locality 1ll.

temperature found for the Eureka vein (a gmall cénter of mineraliza=-
tion) are considerably lower than those found for the quartz pyrite
depo.ait.ion in the Crystal vein (a major center of mineralization).
The fﬂling temperatures from the Free Coinage vein (32) are

thought to be representative of the low rank intermediate veina of
mixed type in the Clancy district.  Inclusions from this vein filled
between 179°C. and 211°C., with most of them f£illing between 202°C,
é.nd 206°C. This is close to the values obtained from the Vindica-
tar (94) and Uncle Sam (108) weins and may be characteristic of all
of the low rank intermediate veins. Presumably the temperature of
de;zoaitiqn pf'the chalcedony veins would be even lower,

| E“Elli.ng temp'eratur‘es were determined for one vein outside of
the main nﬂ.neralized area,, the Golconda vein (8Lk) o Onlr five incln- 5 '
sions were suitable, four of them ﬁ_ued at-200%, and one filled -
at 150°C. | '

- The data presented above are uncorrected for presst;z'e '(Kennedy,

1950). The salinity of ﬂuid inolusions from the Crys‘bal (100) and

 Ada (96) veins was determined by Mes. Martha Tou'lm.in using a freez-

" ing stage (Roedder (1962) to be lesa than 7& ‘pgrcent, with most inclu-

sions containing sbout 5 percent equivalent NaCl,

o



The we_ight og the overlying column of rocks probably sets a
_practical upper limit of pressure at about 500 bars. The veins are
in the upper ‘pa.rt ‘of the batholith and its roof‘rocks s and the batho-
1ith intruded through the middle unit of Elkhorn Mountains volcanics
and Elnto the_ lowermost part of the middle u:hit' in many places, so that
the thickneée of covering rocks at the time of intrusion may have been
appraximately that of the upper unit or no more than about 5000 feet.
The pressure under 5000 feet of this dense tuff would be about 380
bars if an average specific gruvity of 2.5 is assummed for these
rocks. The minimum pressure nust have been great emough to prevent
boiling of the solqtions, i.e., approximately 153 bars for a 5 percent
NaCl solution (Sowrirajan-and Kennedy, 1962, Table 3, pe 131); Pres-
sure corrections, to be added to the filling temperature, based on the .
data for pure water (Kannid&, 1950) for the ranga.J.SO to 380 bars, are
" only 10°C. to 20°C. for a filling temperature of é00°0.-ana enly 30°C. -
for a £illing temperature of 350°C. at 380 bara.u. o



Concentration gradients

Attempts to systematize the chemical and mineralogical aspects
of altered rocks have followed three main courses. Many writers for
years have referred to altered roc}cs as belonging to types such as,
argillic propyllitic, or serdcitic. Recently, Cresasey(1959) and
Burnham (1962) have attempted to. redefine alterated rock types,l and
haveb_ arranged their types into facies analogous to metamorphic facies.
Reﬁn’i:'.'anmta of this approach are that the nd.nerala are contemporaneous
in age and occur aj equilibrium assemblages. The minerals of their
assemblages are stable over a considerable range of temperature and
pressure, and bec;ausa of this, the facies type 'of classification fails
to define cox:xditioné within this range. In addition, Creasey and Burn=
ham consider only solid phases, and the nature of the intergranular
fluid is largely overlooked. '

Hemley and Jones (1964) have attempted to explain alteration
~in tmns of hydro]ytio exchangc reactions in which elements such as
Na, Ca, Mg, and K from silicate minerals are replaced bry hydrogen ians
from the solutd.on. They atressed the controls exerted on the reactions
by the ratios of alkal:l. cations to vhy'drogen fon. - The:lr method of
'treatment recognizes the important fact that alteration is largaly a
' :‘ process of reactiona between solid phases and constituents of tha paro .
Vaolution. 'l'his writer is in agreement with their spproach and con-'. '
- sidera that each alteration ﬁ'ont is a aurfaco along which a reaotion

A}
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occurred, the reactants and products, other than solid phases, having
been brought to and removed from the alteration front along concen=- -
tration gradients that existec in the pére solution.

Gains and losses of chemical constituents in the altered
rocks have been discussed; thcy are besﬁ accounted for by the move-
ment of constituents into or out of a rock in response to concentra-‘
tion.'gradients maintained by diffusion. Such a mechanism has been
outlined by many writers (e.g., Lovering, 1950 and. Orville, 1962). .
Hemley and Jones (1964, Fig. 5) have proposed similar gradients in
terms: of activity. | o

 Gradienterof Na, Ca, S10,, C, S, and K probably existed in
the wall rock.. The gradient -of each constituent must have been .
strongly inﬂuencet;. by reactions which either afld or extract that con-
stituent from the uolntipn. Some of the reactions and gi.'adienta are
diacussed.belcw. N |
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Some experimentally detsrmined reactions (Hemley and Jones,

. 1964) applicalbe to the alteration of quartz monzonite ares

Albite - Na-montmormonite
1.17NaA151,04 + B =0.5Na°.33 2.33 3 6701 (OH) + .
(1)
1.675102 + Nat
Na-montmori.u.onite . Kaolinite ’
Na o OH 'l 0 = 3.5A1,51 o OH
3 .33 2.33 3.67 ()+ 4-353 3:\.12 ( )+
o _ - (2)
L4sSi0_. ¢ mto
2
..Kaolinite - Sericitc | . o
suzs: 0 (oK), 4 KV = EAL,51,0, ,(0H), + i 4 1,58, o 3)
K-feldspar . = Sericite Quartsz BRI K .
1.5KA1S1,0g + n" 0.5Ka1,51.0, (OH), + 3510, + K. (L)

A more realistic raction for the plagioclase of the quarts monzo=

nite is:

Andesene hf Montmorillonite  ae ’ + ©
Na,C S1 0 H Si, 0 (OH Ca'  + 2N

> n.Alh 6% * LT 20( ))h+ ‘ a . A

The mineralogy of the outwardly moving fronts indicates that all of

the reactions as written went from left to right during alteration. :

By means of suéh’ reactions as (1), (2), and (5), Nat was re-
“leased to the pare solution and H* was removed. . No other reacbiona -
are hxown to occur in the alteration of these rocka whioh uaea Na*' -
aa a major’ conatituent. - conaequently, nearly all aodium was removed .
from. the albered rocks as indicated by the chemigal ananraes. The

l ~'

Nat _must have moved ma.y n'om the aite of the reactiona, probably to



the vein along concentration-d:ffusion gradients as proposed by
Qrville (1962). The gradient for sodium is probably one of the most
simple of the constituents in the rocks. Most others are complicated
by one or more reactions.

A gradient for calcium would be affected by calcium being
added to the solution at 3 places and removed at one. Calcium was
added to the solution at the montmorillonite.and:kaolinite:fronts
(reaction.é 5 and 2), and some calcium was removed from the solution
at the carbonate firront to form iron-bearing carbonate. This same _
ca.}.c:h_m was agaﬁ.n released to the solution by the advance o£ the pyrite
front. _ . '

.The supply of H' required for the hydrolytic reactions must
have come from the solution in the vein, and H* moved into the wall-
rock in response to a gradient that sloped away from the vein,
opposite to that of Na® and Ca“,' Reactions (1) ,‘ (2), (b}, (5) re-
quired a continuing supply of HY., Reaction (3) probably supplied
E" to the solution. ‘ ST

Gradients similar to that of H' mist have existed far carbon’
and sulfur, both of which were supplied to the rock in response to
‘ gradients sloping from the vein, 8o that carbon .was aupplied to ‘the‘
carbonate ﬁon;'z, and su}fin' was supplied to the py/rite .f'font. Addition-
2l sulfur probably was supplied to the outward moving pyrite front
throughout mineralization, but after the carbonate band wes established,
only part of the carbon had to come from the vein, Replacement of
iron -bearing carbonate by pyrite at the pyrite front. released carbon

to the aolution; This carbon was a:vd.lable'uo that’ sqﬁe of it could

.



mo;e to the carbonate ﬁ'z;:nt so that little, if any, carbon was re-
moved from the solution 4in the vein once the system was established,
and the pyrite front was advancing. Carbon could be recycled several
times in such a syatenm.

From the foregoing discussion it appears that since so many
of the silicate reactions in the wallrocks use H*', a gradient of
activity of H+ was the most impartant single factor controlling the
alteration pattern of the silicate minerals around a gingle vein. In
the system described here the supply of H' probsbly determined the
sites of the silicate hydration reactions, i.e., determined the |
arrangement of the silicate alteration bands around a vein. Somse
place along these gradients the equilibrium rationof oualkal:l/a.ﬁ#
was established far each of the hydrolysis reactions. Irou’ is
high relative to a alkali the reactions will take plac§ a considerable -
distance from the vein, wheress if @ alkali is low, relative to an?,

* the reaction will take piacé close to the vein. This probably has
influenced the convergence of the altered bands of the silicate -
minerals. A large and 'continuing supply of E+ is nece;sary to move
the kaolinite and montmorillonite fronts outward from the vein. The
supply of H+ was probably greatest in the cores of the veins where the
altered bands’ are wide, and it was probably less 9 adjacent to the
ends of the veins where the alteration fronts lie nearer the vein and""’
| converge with 1t‘. The position of the pyrite front was probab]y -
controlled in a similar wa;r.
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Silica and the saricite front

Reactions such as (1) and (2) release Sft.O2 as a product, ,
and "'bhis silicd is not precipitated at the sites of the reactions in
spite of the fact.that the activity of silica should be one because
of quartz in the rock. Recent work by Hemley strongly suggests that
the solution in altered rocks can become superaaﬁirated with respect
to silica, and that silica can move out of the rock (Hemley, J. J.,
oral cammunication, Hay S, 1965)

’ Reactions (3) and (4) occwr close together at the sericite
front and from this point outward through the kaolinite band, potas-
sium feldspar and kaolinite occur together in what appears to be
metastability. Hemley's wark, in progress, indicates that below about' :
200°¢. or 250°C. kaolinite and potassium feldspar can react to pro-
duce sericite at equilihrinm (Hemley, J. J., oral communication,

May 5, 1965). |

It should be noted that reactions (3) and (b), £f add'ed' o=
gethm:', yield sericite and th ta, the minerals produced at the
sericite front. In a kaoli.n:ttic rock such as altered quartz monzonite, :
in which kaol:lnite and potaasium feldspar occur in. equal prcportions, |
additions of HF or x"’ are not needed, and tho two reactions m:lght be

i controlled by a.qneous silica.

.



CONCLUSIONS

Hundreda of veins in the mineralized area belong to one large
hypogene sy;tem. They are.near the top of the Boulder batholith, and
are probably all about equidistant fron.x a deep source of little kmown
character. The veins change gradually from mesothermal to epithermal
types as a result of systematic differences in the mineraliziﬁg system
from one place to another, They form zonal patterns that range in
scale from a single vein, through a small group of veins or a dis-
trict, to the entire mineralized arca. '

The zonal pattern reflects differing rates of flow of tﬁc
hypothermal aolution.» Greatier rates of flow resulted in large, high
temperature veins containing large sulfide ore bodies and enclosed
in wide gericitic envelopes. Lesser rates of flowlresulted in lower
ten;perat\n'e‘ve:l‘.ns of chalcedony without su;.fides or sericite. .

The uniformity running through the variety of veins is =
startling. ‘ | . | | |



APPENDIX
ta center

The vein system in the Alta mine (76) is the largest center of
mineralization in the area. :ll other centers are subsidiary'to it in
size, known metal content, and the amount of mineralized and altered
ground. The Alta centex"is in an east trending ma;jor zone of veins
and altered rocks about four miles long and is near the intersection of
this zone and a major northeast trending zone of veins. It is the site
oi‘ the largest ore body in the Boulder batholith with the exception of
those at Butte. The influence of this major. center of mineralization
extends a few miJ:es in all directions.and constitutes the chkes mining
district.

On the basis of the grain-size of quartz crystals only, the Alta
c'énter does not fit tk}e general pattern; the quartz crystals seem mich
too small for 'a major center of mineralization. jl‘he quartz crystals in
the Alta vein are rarely over 5 mm. across, and generally they are much
smaller than this, The finer grain size seems to be a reﬂection of
replacement of .the fine-grained volcanic Wa]_'l. rock. Throughout the area
quartz crystals that replaced wall rocle are smaller than those that grew
in open fissures, and within veins in the Elkhorn Mountains volcam.cs s
this difference is much more accentuated than within veins in the much
coarser-a'ained quartz monzomte. On the basis of everything excep'b
quartz grain size, the Alta vein is the outstanding center of-

.-

. T a
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nineralization. Coarse-.grain ¢ quartz occurs in veins in quartz mon-
zonite on the east slde of Alta Mountain at localities Th, 75, 77,
and 78. |

To the northeast, east and south of Alta Mountain, the veins ’
become progressively smaller, the quartz becomes f{iner-grained, and
the sericite 'Sands become thin. Relations to the west are partly
obscured by the quartz latite. The decrease in both the size of the
veins and the grain size of the quartz is easily seen in the belt of
veins extending northeastward from locality 75." -The quartz in these
vgins becomes much finer-grained to the'northeast. across the west
flowing tributary of Spring Creek. Further northeast in the vicinity
of sections 35 and 36, all of the veins in the belt are the chalcedonic
type. Eastward from the Alta center, on the. east side of Alta Mountain,
the quartz in the veins is progressively finer-grained, and’ further
eastward between Beavertown and Spring Creeks, many of the veins con-
sist 1a.rgelv of flne-gra:med quartz with a sugary texture. Southward
from Alta Mountam the grain size ‘of the quartz progressively decreases,
At the Atlas mine (81) the .quartz grains range in size from about 1 mm.
%0 about § mm, and about ‘one mile farther south, locality 82, the
quartz is very fine-grained. Relatlons to the west are partly covered
by the quartz latite tuff that overlles part . of the veins > but beyond
the tuff unit are some of the larger veins of the Wickes district. In
all of these the quartz is finer grained than it is in the ve.’ms on the
east side of Alta Mountain and the ore bodies and altered envelopes
are smaller than in the Alta vein. The larger veins are briefly des-
cribed., The most aoutherly of the 1arger veins, at the Salvail mine (69),

consists mainly ¢Z very fine-fgrained quai‘tz and pyrite. The Mount .
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“ashington (68) vein to the north contzins much silicified volcanic
rock, very fine grained quartz, and chalcedony and dolomite in colli-

form bands.-/ The quartz in ihe Blizzard (67) vein and Elkador (66)

-/ The large dump at t.e Mount Washington mine probably is a
non-representative sample of this large vein. The last major mining
operation used a selective flotation mill and probably almost all vein
material was used as mill feed. Tﬁe dump consists a‘lmost entirely of
altered rock. '

.véin is fine-grained except for crystals a few millimeters across
occuring in small vugs. The !finah (65) vein contains much coarse-
grained quartz of the quartz-arsenopyrite assemblage, but that belonging
to the quarjbz-pyrite-chalcopyrité assemblage is fine-grained. The veins
(localities 62, 63, and 6i) between the Minah (65) and Clancy Creek are
largely carbonate. |

Near the head of Cia.ncy Creek, the quartz in the veins is very
fineégz'ainéd an;i. carbonates are abundant in some of them. Chalcedony
veins ocour in the east facing cirque walls ab the head of Clancy Greek.

A minor reversal of the zoning occurs in the Bluebird (60) veiz;.
Quartz in the Bluebn.rd vein a]ong the western extention of the Mount
Washington structure; is very fn.ne-gra:.ned at its eaata.'n end. The grain
size increases westward to the top of the hill and reaches a ma.x:l.xmm size |
of 2-3 mm, near the top of the hill at the Bluebird mine shaft. F‘urther :

westward the grain aize decreases as the vein crosses Bluebird Meadows.



Grerory-Rarus group

The Gregory-Rarus group of veins anc_i‘alt‘ered zones lies along
the north edge of the Wickes mining district; The group contains
several veins as well as many altered zones within which are many
veinlets. but no lérge veins. Th:.s group of veins and altered zones
extends eastward from 'Clancx Creek, near the Gregory (51) mine,
through the Rarus (SL) mine and merges with the northeast trending
chalcedony veins that lie nortawest of Corbin. The veins in the group
range from quartz veins through mixed veins to chalcedony veins. They
represent all three of the zonal types.

The main cent;rs of mineralization in the‘Gregory-Rarus group
are at the Gregory and Rarus mines. The Rarus vein is a mixed vein of
the intermediate zone, whereas the Gregqry vein contains no chalcedony,
and it is assigned to the ceniral zone. Zoning from central to peri-
pheral types occurs uithi;x a short distance. = From the Gregory mine
eastward the veiﬁs change to mixed and chalcedonic types.

Quartz o.n’the Gregory mine dump is milk'y and moderately coarse-
grained. It was deposited either_sas crystals replacing altered Elkhorn
Mountains volcanic rock ar in narrow open fissures. The aericitic and
yritic bands of the Gregory vein are probably very Wide. The old mine
workings are thought to be ext.ensive and almost_ all otf thq ._lto‘ck on the
dump is sericitic and pyritic. In additian the Eock from drift and
. crosscut adits eaat of the Gr(rory dumns 18 nearly all pyritic and seri-

‘citic. The bands. o.f these mirmrals are probably as much ‘as a.faw

]

hundred feet wide. ) ’?
C. .
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Bast of the Gregc;ry mine area, at the Monte Ghrist;z (52)—mine,
the veins and sericiﬁe bands are narrow. Quartz from the lower adit
of the Monte Christo vein is cense and white to very fine-grained and
bluish gray. About 500 feet Tfurther east along' the vein about one-
fourth of the quartz is the fine-grained, compact white variety and
about three-fourths ig the very fine-grained, dark flinty varietye.

To the south 61' the Monte isto (52) mine some of ‘the outer veins of
the Gregory-Rarus group (near locality 53) are chalcedony veins. All
'veins' east of the Monte Christo mine are mixed veins or chalcedony
veins. A vein of milky quartz north of the Gregory-Rarus group (50)
does not seem to fit the zonal pattern.

| Eastwérd from the Gregory mine the change from quartz veins to
chalcedony veins takes place in about one mile and the chalcedony veins
occw only along one edge of the group. From the Rarus mine (5k4)
eastward the change takes place in only one half of a mile. These

rgl’ations are shown in figure 25-/ and described below.

/Figure 25. Geology of the Rarus vein and vicinity.

The Rarus vein is a mixed vein lying along the central part of
the Gregory-Rarus group oi‘ ve:.ns. The ve:ins -flanking the Rarus vein are
almost all chalcedony veins, The‘vem zone containa at least five seg-
ments, two of which are exposed in mine workmgs. The western segment
is fine—grained milky quartz enclosed in a chalcedony sheath that is

very large at the western end of the vein aegnenty-. The second segment
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is .fine-grained milky q;mrtz partly bordered by a thin sheath of very
fine-grained quartz’. The third segment lies along the creek east of
the mine workings. The largest quartz crystals are in the eastern
end of the second segment and in the poorly exposed part of the third
segment along the creek. The fourth segment lies about one fourth

of a mile farther east and consists of very fine-grained quartz and
chalcedony. Another segment east of the creek (55) is entirely
chalcedonic.
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Comet u-uray Eagle zone

A zone of sheared, aliered, and mineralized rock extends east-
ward from Cataract Creek (Morning Glory mine 12L) to the north end of
the Boulder Valley (localities 158, 160, and 161). This zone, named
for {.wo of the mines along it, is st.rorigly zoned élong its length.
In addition a major split from the Comet-Gréy Eagle zone (the Van
Armin zone) is also zoned and is described on P.

The ma:m center of mineralization in the Comet-Gray Eagle
zone is at the Comet mine (131); lesser centers .are at each of the
pro;iuctive mines .along it (sec Becraft, Pinckney, and Rosemblum, 1963,
DPP. 83-91)."Each lesser center is successively of lower rank toward
the ends of the zone.

h The main core of the Comet vein (131) consists of’ three large
vein.strands thaﬁ merge down dip into a single vein about 100 feet wide.
This part of the vein is considered to be high ra.nlc intermediate type
to low rank central type. thz crystals from this part of the vein

“are about 2-5 mm, across and are associated with abundant 'pyrite and a
1ittle.'éhaléd~pj'rit.e. “To the west across High Ore Creek the vein nar-
rows , beéoiﬁes rich in carbonate; and the quartz beco:nes.‘finér-graineci'
‘To the east the qQuartz also becomes fina'-gra:ined but a carbonate seg-

ment ‘of the vein has not been found.
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The Gray Eagle mine (i29), one and one half miles west of the
Comet mine (131) contains two veins. The north vein is a moderately
large vein of high rank interrmediate type. The south vein, however,
is narrower and is of lower rank intermediate type. It consists
mainly of abundant carSonate sad a lesser amount of pyrite and quartz.
fuch of the quartz on the dumps 1s the clear to cloudy variely which
was deposited in vugs. . : ..

The Morning Glory vein éystem (124) is at the west end of the.
Comet-Cray Eagle zone and is characterized by carbonate rather than
pyrite, and fi.ﬁe-érained gray quartz. The core of the two main veins
consists’largely of compact, dense, da.z.'k quartz with some pyrite and was
the  source of several thousand tons of high-grade silver ore. The
bulk of the vein materisl in the deposit is dense quartz and abundant
carbonate with a small amount of pyrite. This type of material prob-
cbly makes up over eight-tenths of the vein material in the deposit.
The sericite bands border{ng the main veins are for the most part only
a few inches thick. The Marning Glory deposit is considerefl to be of
low rank intermediate type. , o

Zoning in the eastern part of the; Comet-Gray ;Eagle' zone 1s very
similar to that in the western part. The quartz ‘eare of each more,
| easterly Vein is finen-_gra@ned; coarseagrazgned milky quartz of the
cores gives way progressivweiy to zlense”“gra\_y qpérﬁg_and the ﬁlace of
_ pyrite is taken more and more by carbonate. In the Boulder Valley,
where the strike of the zone swings northeastward, the veins change
rapidly to fine-grained quarfz .Vei;ns with abundani;.ﬁ" carbonates 3 good
examples-are at localities 159 and 158, The:m“air’x‘vein of the zone

-
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at 1ts eastern end (lécality 180), is a mixed vein with a small quartz
core, and all of the nearby veins are either chalcedony veins or veins

of fine-grained, flinty quartz and carbonata.



Brltimore center

The Baltimore center is represented bjr the veins in the Balti-
more mine (L64). It is smallor than the Alta or Comet centers and
consists of a complex of veins at the intersection of a northwest
trending structure and an east northeast trending~ structure. 'I‘hesé
veins are partly exposed in thie workings of the Baltimore mine, and
are mainly made up of two of the mincral assemblages. One large vein
consists largely of the galena-sphalerite assemblage. Another largse
ve:in is composed of the quartz-pyrite-chalcopyrite assemblage. The
quartz crystals in this vein are characteristically milky and compact.
The average grain size is about 1-3 mm. and some of the quartz is very
fine-grained. This large vein is considered to be intermediate in
zonal typs. |

Outward from the Baltimore mine (16l) the grain size of the
quartz in tt;e cores of the veins decreases rapidly, and within a-f:‘ew
miles or. less, only chalcedony veins are found. . Carbonates also become
more abundant and pyrite less abundant in many of the veins away from
the Baltmore center. Mixed veins around the Ba.ltimore center ara )

7 found farther to the south and southwest than'in‘other d:rections. The
quartz in the cores of these veins also becomes progressively finer-
grained'witl? distance from the Baltimore mine. ' Southward as far as

the N.E. 3, sec. 18, the veins are dominately quartz veins, but the'quartz

128
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in many placés is so fine-graiazd that it br?aks with a rudely con-

coidal fracture énd ‘a hackly surface. Southward and southwestward of
u.E. L, sec. 18, the veins are. chalcedony veins with the exception of
a small number of mixed veins. ﬁe quartz cores of these mixed veins -
are very small and the quartz in them is very fine-grained. The most
distant are found at locality 171. Beyond this place only chalcedony

veins are known.

“



Centers between Basin and Rimini

Many of the veins in the westefn half." of the mineralized area
lie in a broad north trending belt extending from the Boulder River
near Basin to Rimini.- The beit is four to five miles in width. Most
of the veins in this belt trend easter']y-and many of them range in
width up to se%reral feet. - Most of the'veins J.n thé Basin-Rimini belt
are quartz veins, but many of them are the mixed type, and ‘some are
chalcedony veins.

The veins in the Basin-Rimini belt are zoned relative to four
centers, but the zoning is not as strong as around thg.Baltimorre
center. The centers are (1) 'k‘:he Eureka-Lee Mountain vein system
(localities 5 and 13), (2) the Crystal-Bullion-Eva May vein system
(localities 100, 98, arid 103), (3) the Big Limber Gulch veins, and
(L) the Jib vein (121). |

The Jib center is at the Jib mine (121) on the south side of
the Boulder River at Basin. Two large veins and a sﬁall vein occur in
the sheared and. altered zone exposed in the mine. ' One of the large
veins, according to Ruppel (1963, p. 10]) »_Was mined for its base metal
content, whereas the other one was largely quartz and pyr:.te ‘and was
mined for its silver and gold Acontént. The outcrop of the quartz-\ |
pyrite vein is composed of connact milky' qna.rtz crystals abou'b one to

~ three millimeters across, accompanied by pyrite and fine-grained ) |

3
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:"lint-lilée quartz of chal:cedonjr that contains abundant pyrite. It
therefore would appe:;r that the vein is one of the mixed type and is
pr.obably a middle to lck rank .Lni‘.éfmediate vein. The altered rocks

tend to confirm this. ) 'I'hé quartz-pyrite vein outcrop is bordered by

a sericitic band only about on: foot thick, and the wide altered

zone 1is mostly argillic. What is probably the eastern extension of
the Jib vein system has been cffset along a fault to a position north

of the Boulder River. The veins of the eastern extension are chalcedony:
veins. Carbonate, however, was not seen.

To the',southeast and east of the Jib mine the veins change
rz;pidly to chalcedony veins. The Helper vein (122), about three-
four‘ths. of a mile southeast of the Jib vein (121), consists largely
of fine-grained, compact, milky or bluish gray quartz and pyrite. The
next vein to the southeastward is a chalcedony vein. The Merry Widow .
vein (123) to the east of the Jib, is a mixed deﬁosit and only chal-
cedony veins lie to the east of it. The Red Rock vein (119) to the
west of the Jib center is a large chalcedony wvein.

Northward from the Jib similar changes oc&ur within one or two
miles. Chalcedony veins occur in the breccia bodies along Basin Creek,
especially at localn.ties 115, 113, and 112, A few quartz 03:' mixad veins
also occur in the “Same area south of locality' 11k, but in most of these
the qua:rtz is very fine-grained, - carbonate is abundant, sphalerite, if
. present, is very light colored, and the seri.cite ‘oands, where 8een, are
narrow. . The Aurora vein (111) is a chalcedomr vein that contains some

¢

sphalerite. . B



Big Limber Gulch center

A center of mineralization is in the vicinity of the mouth of
Big Limber Gulch. In this area m; single vein can be selected as an
outstanding center, but several veins ar; notably zof highgr rank,
These veins are the Minneapolis-Manhatten (125), Boston-Buckeye (126),
and nearby veins. Veins related to this center lie in an area roughly
bounded by the ridge between High Ore Cfeek and Big Limber Gulch, the
Boulder River, the Comet-Gray Tagle zone, and the divide between Basin
and .Cataract Creeks. Toward the edges of this area, nearly all of the
veins are either chalcedony vcins or mixed veins that contain a large
proportion of either chalcedony or microcrystalline quartz. Many of
them also contain abundant carvonate. These veins are considered to be
either low rank intermediate or peripheral in type, whereas the more
centrally located veins are about middle rank intermediate in type..

The zoning arcund_ the 3ig Limber Gulch center' is not symmetai-
cal with respect to eithé&r carbonates or chalcedony. Most of the
chalcedony is in the veins on the ridge to the south and east of Big
Limber Gulch, whereas the veins with more abundant carbonate are
. found from the Rose vein (127) northward and norrtheastward along the
' valleys of Cataract Creek and Big Limber Gulch. '< s e
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Crystal center

A major sheared, altered, and mineralized zone ex‘bendg from
the Bullion mine (98) eastwarcd througzh the Crystal (100), Sparkling
Water (101), and Eva May (103) mines. Throughout_its known length of
about 4 miles, it is altered, locally sheared, and in several places
it is intensely minéralized. Tne zone may extend east of Cataract
Creek under the valley of Hoodoo Creek and westward under glacial and
aluvial deposits to the veins at Winter's Camp (91). Thus, it is com-
parable in size to the Comet-Gray Eagle zone, and it has exerted a
strong influence on surrounding mineralization.

The veins in the Crystal mine are the center of a strongly
zoned group of veins. These veins lie in the Basin-Rimini belt in an
a.rvea. extending from Saturday Night Hill northward at least as far as
the Buckeye mine (87).

The Crystal-Bullion structure is zoned_along its length and
veins lying to the nor‘bh.'a.nc.i south are zoned relative to it also.
Eastward along the Crystal—Bullioix‘x' zone theﬂ depos:!;ts change from 1ow..
rank intermediate type near Winter's Caﬁp ‘(91) 1;'6' the cent;al f.ype at -
the Crystal mine (100), and back almost to perlpheral type a.t the Eva
May mine (103). The vein at Wmter's Cap 13 pro‘bably a low rank |
intermediate vein. It is a fme-grained, compact m:L’Uqr quartz ve:l.n west

. “v\‘,." .

1330



-

of Basin Creek, but it is a srll chalcedony vei;ri where it crosses-
Basin Creek.. It aCLs'o contains a few clear quartz crystals. and
colorless sphalerite in an open breccia at its intersection with a
short northwest trending vein. Iineralization around locality 93 has
produced chalcedony and carboriate veins that contain a little pyrif.e.
The quartz vein at the Bullior mine (93), as indicated by material on
the dumps, is characterized by medium to fine-grained quartz, both
dark and milky varieties, some chalcedony, énd abundant pyrite. The
sphalerite is light reddish brown in color.

‘The vein system at the Crystal mine (100) is considered to be
the center of minerali:za.tion along the. Crystal-Bullion’zone. Major
strands of these veins are commonly L feet wide on the main adit level
and lie in a mineralized zone as much as 25 feet wide. Some strands
consist predominately of one mineral assemblage. A large strand of the
quartz-pyrite;chalcopyri‘be assemblage.contains lérge milky, intergrown
crystals of quartz, many of wﬁich are 2 inches across and a few of which
are larger. |

The Crystal vein (100) appears to be zoned similarly to the
Comet vein (131). Very fine-grained quartz, carbonates and possibly
some chalcedony were found at the west extremity of the known 1-re:1ns.
The eastern end of the -Crystal vein.lies east .of Cataract Creek and was

not investigated. ) o
: East of the Crystal mine, the quartz in the veins along the zone
becomes progressively finer-grained. In the vicinity of locality 102,

quartz on the dumps ranges from the fine-grained bluish grqr variety k

- - a
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to milky crystals 3 or h mm. scross. At the E\;a May mine (103) nearly-
all of the quartz is extremeiy fine-grained and 'is associated with
some carbonate., The sphaleriie is light green in color. No chalcedony.
was found. If chalcefiony veins exist at the east end of the Crystal-
Bullion zone, they must lie uider the glacial deposits in Hoodoo Creek.
The veins as far soutn of the Crystal-Bullion zone as Saturday
Night Hill are glmost all mixod veins and some of them contain very
little milky quartz. South of the center of section 29, milky quartz
is inconspicuous in the veins. WNorth of this point it is more abun-
dant although it forms only a small part of the veins. The sphalerite
in the veins is light colored and the sericite band aiong most of theﬁ
is narrow. North of the Crystal-Bullion zone the veins change from
quartz-pyrite veins to chalcedony-carbonate veins in going across their
strike. The quartz at the Last Shot mine (99) is milky and moderately
coarse-grained, sphalerite is reddish brown and ﬁyrite is gbundant.
To the northeast at the Ada mine (96), carbonate is conspicuous and
most of the quartz is the fine-grained variety, but large crystals
filling cavities in a breccia are common. Pyrite and other sulfide
minerals are abundant. At the Morning and Midnight mines (97) all of
the quartz and‘ pyrite are very fine-grained and the vein contains a
fair amount of black chalcedony. ~The Vindicator vein (9b) is similar
to that at the Morning and Midnight mine but 1t '13 much.:narr"o&er. As
far north as locality 89, .py;-ite is dominate over carbonate, but north
of t}iis place carbonate appears to be dominate over pyrj;te. "Also . |
© north of this point all of the quartz is exceedingly fine-grained and



ruch of it probably is chalceciny. TItie veins north of the Buckeye

mine (87) may not be related to the Crystal-Bullion zone.
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Rimini area

Veins near Rimini range from central to peripheral in zonal type.
The zonal pattern, however, cannot be shown arranged around a cerﬁ.'er as
well in the Rimini area as elsewhere because méét ‘of the veins are the
intermediate type and large areas are éovered by rhyolite or glacial
deposits. In .addition, many of the véins occur in small groups
scattered over a large area. The veins within each group are zoned, but
these groups of veins do not cz2em to be closely related to each other.
The chief groups of veins are 1) the Crescent-Peerless (26,27) group
near the.hea;l of Banner Creek, 2) the Frohner (22) group west of Frohner
Meadows, 3)' the Sally Belle (20) group on the southeast flank of Red
Mountain, and L) the Lee Mountain-Eureka (5, 13) group lying to the
east and south of the village of Rimini.

The Lee Mountain (5) and Eureka (13) Veins are the largest
veins in the Rimini mining district and form a dual center for tha
large group of veins to the east and south of "them. They are considered

to be high rank intermediate veins. Outward from them a progressive

LY -
~

change is seen in the other. veins in the gr:oup\mt:.l chal%:edony" veins
are‘reaqhe;d; This change to chalcedony x;eins ¢an be sée‘n:’only along the
east anci soutl:x sides of the Lee Mountain-Bureka group. "Veina.;wex"e not
found north‘ of the Lee Mountain zone, and 't;.he’a.refx west of‘ T_en Mﬂe

Creek is. largely covered by younger rocks. Carbonates are rare in the

" Rimini district.” = . -

-
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The Lee Mountain zone éontain:: vhe Lee Mo@tain center. The
zone is wide, intensely shear-d, altered and mineralized and has com-
plex internal structure. It i5 probably about 3% miles long and is
the -longest zone in the Rimini district. It is comparable to the
Comet-Gray Eagle (129, 131) and Crystal-Bullion (100, 98) zones. It
has been mapped from a point east of the Valley Forge mine (6) to the
rhyolite on Lee Mountain., It probably extends southwestward under
the :hyoli‘be and glacial depocits into the southeast corner of sec.l,
T.8N., R.6d. The most. intense mineralization along the zone is in the
valley of Ten Mile Cree'k‘ at and near the Lee Mountain mine (5). The
veins at the Lee Mountain mine contain all of the mineral assemblages,
and were sites of deposition all through the mineralizing period.

The quartz crystals at the Lee Mountain mine are typically
anhedral, compact, milky, and a few millimeters across. The finer-
grained bluish gray variety is abundant. At the Valley Farge mine,
near the east end of the Lee HMountain zone, the ;Einer-grained varieties
of quartz prodominate. In the veins (localities 7 and 8) east of the
Valley Forge ;ﬂiﬁe all of.the quartz is very fine-grained. Further
east near Chessman Reservo’ir, chalcedony veins occur.. From the Lee
Mountain vein eastward, the sericite bands along the veins become
progressiw?elﬂr narrower. At Iocality 9, north: .of Chessman Reservoir,
the sericite bands along a fine-gz;ainéd.qaai'tzajieih a-re'»oply_dixe' half
of an inch wide. | |

© Quartz in the veins between the Lee Mountain mine and the
Eureka mine (localities 10, 13, and 12) is fine-gz'ainéd’; - The quaz:tz at
»locdity 10 is mostly the fine-grained gray fra‘riegf ‘and chalcedony is
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conspicuous. In the Mammouth (12) an:l Free Speech (11) veins to the
~ north, Guartz becomes a littlc coarser-grained as the Eureka (13)
center is approached. lAt the Zureka mine (13), quartz belonging to
botl;x the arsenopyrite-quartz and quartz-pyrite-chalcopyrite assemblage
is very abundant. That associated with arsenopyrite tends to be in
long subhedral grayish crystals lining the walls .of open fissures
whereas that belonging to the quartz-pyrite-chalcopyrite assemblage is
mos*b}.y milky and compact. The milky quartz is coarse-grained and occurs
as compact masses, as a filling in open fissures and as a replacement
of sericitic z;ock. AJl-o'f the rock on the large dump from the shaft is
sericitic, and presumably the sericite bands are at least several feet
wide. |

The veins south of the Eureka vein are mostly fine-grained
quartz veins. Southward as far as the Daniel Stanton (1h) and Bunker
HiTT (53')‘: mines,. most of the veins contain fine-grained' milky quartz
aldng with finer-grained gray quartz and little ::r no chalcedony.
Southward from these mines milky quartz in the veins is scarce and
chalcedony is a.common but minor constituent in many of the weins., The
veins that cross Ruby Creek (19) represent the s-outhem most extent of
the Lee Mountain-Eureka group. The quartz in thesq veins is typica.lh‘
the very fine-grained, almost flint-like, variety..,f R



Sally Belle group

The Sally Belle group of veins consists of several small veins
on the southeast flank of Red iountain near the Sally Belle mine (20).
The quartz in the veins is fine-grained milky to bluish gray. Out-
lying veinsl to the north, wesi, and east are almost all chalcedony

veins.

-140



“rohnexr group

The Frohner group of veins is at. and near the Frohner mine (22)
about 2 miles south southeast {rom the top of Red Mountain. It con-
sists of one large vein and several subsidiary veins, The Frohner
vein system is poorly exposed but it has been traced- intérmittently
th;-ough mines, prospect pits, 3and strips of altered rock, for a distance
of’ about three miles. The main center of mineralization is at and near
the Frohner mine (22) and is considered to be about middle rank inter-
mediate in zonal type.. In this part of the zone the quartz ranges from
moderately fine-gr:ained and milky t6 fine-grained and bluish gray;
chalcedony and carbonates were not found., Chalcedony is predominate at
the ends..of the zone, and carbonates are abundant in one o.t" the veins to
the side of the zone. _

Near the west end of 'bhe- Frohner zone in the upper adit on the
Loebber claim (21) the quartz veins become thinner- to the westward and
an accompanying chaléédomr vein correspondingly incréases in thickness
to the ﬁes‘t (partly shmm in i'igm'e-ZB) At the Nellie Grant mine (23),
east of the main center of mlnera.h"at:.on, chalcedony is predominate at
the east end of the quartz core.. The veins at the easf. end (local'l.ty
23A) of the Frohner structure contain a cha.lcedony body and a amal‘l. core
of fine-gre.ined milky to dark quartz. Most oi‘ the material on the dump
is from the core which contains snhalerite and galena. o
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No veins are known alcay the north border of the Frohner zone,
but -to the south cha;lcedony a.1 carbonate veins occur. The veins along
the steep slope soutn of the wsstern end of the Frchner zone are
chalcedony veins. The vein (7)) directly south of the Frohner mine
consists mainly of milky quartz and carbonate cementing brecciated
quartz, arsenopyrite, galena, and snh:llerite. Some of the quartz, all _
of the carbonate and some fine-grained pyrite are intimately inter-
grown and appear to be contemv:oraxieous: This vein is thought %o
represent that point on the alteration diagram (fig. 8) at which
carbonates and pyrite wére_ both deposited at the same time. One of

the chalcedony veins is probably the western extension of this vein.



Peerless (roup

The Peerless group of veins is about 2 miles south of Refi
Mountain in the headwalers of Banner Qneek. The veins of the group
are scattere;i, and are not arranged around a center that hasrbeefx
identified, All of the veins are considered to be of rather lov;' rank
infermediate or peripheral zonal type. The largest vein extends through
the. Peerless mine (26), and ve i.n. materizl on the dump from this mine.
indicates that the vein consisis largely of very fine-grained dark -
quartz in sericitic and pyritic rock. The vein (25) to the north of
the Peerless vei.nt is largely fine-grained quartz and locally contains
some chalcedony. The veins to the north of locality 25 are fine-grained
quartz veins enclosed m narrow sericite bands. Veins in the Crescent-.
Ida May zone (27 and 28) are narrow fine-grained quartz veins set in
narrow sericitic envelopes. They contain a little cbarse-grained milky
quartz in spots. : | . o ’ .

A}
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Elliston district -

The velns in the nortiwrest part. of the mineralized area are not
- well known. Thls area, west of the Continental divide, is known as the
Elliston mining district. I‘a-i,s heavily timbered» and partly covered
by rocks younger than the veins. Trorbes Robertson, who mapped the area,
did not show the veins on his map (University of Washington, Ph.D.
thesis, 1956) and the localitias of mineralization shown on the geologic
map (fig. 2) of this report mark the sites of mines only. Almost
nothing is known ai:out the veins. Some of the veins on Negro Mountain
were mapped by the writer in 1953 and re-examined in 1959.

A brief examination of the dumps of the mines known to the
writer indicates that most of the veins in the Elliston area could be Iitted
into the descriptive and genetic classificalions used in this- paper.
The veins are quasytz veins or mixed veins, and they appear, from the
dumps, to be about middle to low rank intermediate types. No evidence
was found pf a dominate center of min’eralization in the district, but
rather each of tha larger deposits may be a center for a small group of
veins around it. These might be similar to the I-&'ohne:' or Sallr Bel.le
groups; of veins. Some of the veins on Negro ‘Mountain :lllustrate what may
be the pattern for veins in the district. .

Several east trending veins occur on Negro Maun‘bain. Thé tm;
largest ones are shown on the geologic map (fig. 2). : o these, the
‘Black Jack-Big Dick (1 and 2) vein is the 1argest and has ‘oeen the_ moat

& . . e -
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productive. The Black Jack-B:i: Dick vein appears to be zoned along

its length and the group of ve'ns near the top of Negro ‘Iountain a.lso
appear to be zoned across the strike of the veins, Near its western .
end, the Black Jack-Big Dick vein contains two ore shoots that contain
all of the xr{inczx'al assemblages within the Black Jack (1) and Big Dick (2)
mines. The ore shoots contain no carbonate, but the vein between the
two ore shoots is much narrower ‘than in the shoots ‘and consists dominate-
ly of carbonate. The eastern extention of the vein (locality 3),
recently exposed in trenches, is largely towrmaline and chalcedony,

whereas the qﬁartz in the ore shoots is moderately fine-grained and

milky to bluishegray.



Clancy district

The Clancy mining diétrict cxtends for sevdral miles around
the village of Clancy. Almost all of the veins within this are:‘:t are
chalcedony vdins. The only exceptiods are mixed veins; no quarti »
veins are known. “Nearly all of the mixed veins are in the valleys of
Lump Gulch or Prickly Pear ancd Clancy Creeks.

The quartz in the mixed veins occurs in.small cores in.veins
that otherwise would be called chalcedony veins. The quartz crystals
are typically milky to cloudy-white and less than 3 mm, across. Quartz,
as distinct crystals up to 1 cm. across are known, but they are rare.
Very fine-grained quartz is common in the form of gray, bluish gray and
flint-like varieties, and it is usually associated with pyrite. The
chalcedony in the cores is later than most of the quarts, m"ld it is
usually associated with carbonates. The cores also contain lightv
colored sphalerite, galena, and silver minerals. Some of the cores are
the sites of small hlgh-grade silver deposz.ts. " A1l of the.mines are
now inactive. .

Zoning in the Clancy dlstra.ct :Ls not as well daveloped a8 in

=

some of the other districts. No vein¥ of the central zonal type have
been found. All of the veins are either low rank intermediate ar
peripheral in zonal type and these can be easﬂy distinguished from

each other. La.rge areas contain veins of only the peripheral ty-pe,

.
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tut no area contains veins of only the intermediate type.. However,
the. veins of intermediate t:rg;c are not scattered throughout the area.
Instead, they tend to be clusiered together in a belt along Lump Gulch,
in Clancy Creek, and near Alhambra.

The belt of intermediste veins in Lump Gulch extends from near
the mouth of Buffalo Creek eactward almost to Prickly Pear Creek. This
bolt contains the largest of the mixed veins in the area and'a few
small ones. The largest quartz cores are at the Liverpool mine .(35) ’
Little Nell mine (33), Free Coingge mine (32), and Muskegen mine (30).
The veins in all of these mincs change to cnalcedony veins along strike.
The quartz cores of mos*b‘ of them contain quite a bit of chalcedonjr and
carbonate and a moderate amount of galcna and light colored sphalerite.
Sericite bands along the cares sre narrow.

Mixed veins in the valley of Clancy Creek are the Mineral .
Hill (42), King Solomon (34), and the vein at locality 36. Those along
Prickly Pear Creek are the Alhambra (L1), New Stake (37),.Mammouth (LO),
and Legal Tender (39). The quartz cares in all of them are small,



Outlying creas of mineralization

Three small mineralizcd districts lie outside of, but near,
the main mineralized area. Two of them are east of Clancyj one of
these is near the head of Warm Springs Creek and the other-ﬁs north
of it in the dran.nage of Maupin Creek. The third-district is near the
Boulder River,.around Berkin Flat, west of the mineralized area. In
addition, a few isolated veins lie outside of the main body of the
mineralized area. Those in the map area are: the Golconda vein (8L),
northeast of the Boulder valley; the vein at locality 85, east of the.
} Golc;)nda vein; and the Monarch vein (29), west of the mineralized area.

Most of the veins in the outlying districts and the Golconda
and Monarch veins are very similar to the low rank intermediate veins
that occur in the outer part of the intermediate zones within the
mineralized area. The altered rocks also appear to be similar, The
outlying d:istricts contain groups df veins much like the groups in .
 the Rimini-Basin belt of veins. The Maupin Creek district is strongly
zoned and the Warm Springs district probably is 1zor;e§._ The Monarch ;
' ' i in the

E3

*vein is also strongly zoned. ‘Evidence- of zoning was not~ found.
Berkin Flat group of veins, -

P



Maupin Creek district

The zoning in the Maupin Creek district is defined on the
basis of both quartz and very fine-grained quartz, and on the relation
of pyrite to carbonate. The boundary between- the ;areas. .oi'. dominate
pyrite and dominate carbonate deposition is shown on the mép. The
ooundary betweer,x' the pyrite and carbonate zones is sharp. Within the
pyrite zone, no carbonate .occurs in the veins although it.was found as
dissiminated grains in the wall rock., In the carbonate zone some pyrite
occurs, but it forms a very small part of the vein and carbonate is a
dominate mineral.

Quartz in the veins ranges from coarse-grained and milky to
very fine-grained, flinty and gray. Some chalcedony was found.
Coarse-grained, milky quartz occurs only in a small area within the
pyrite area near its east end, localities U5 and 47, and at locality Lé.
Away ﬁ'oni these places thg quartz tenfls to become finer-grained and
less miliy. : : o ; - |

.As far as i1s known, all of the veins are enclosed in sericitic

-

« rock for their éntire length.

19



Warm Springs district

Some of the wveins nesr the head of Warm Springs Creek were
examined briefly! They are quartz veins that contain varying amounts
of pyrite 'and carbonate. These veins appear to be zoned around the

VWhite Pine mine (48).
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Berkin Flat area

Many small veins occur on and around Berkin Flat. They are
known almost entirely from prcspect pits or the dumps of adits. Vein
material from the dumps and pits is characterized by rather abundant

*

carbonate and varying amounts of fine-grained quartz.
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Jonarch vein
The Monarch vein (29) occupies an east trending fault zone
near its intersection with a nortn trending fault or-ksheeted zone. At
the intersection of the two structures, the vein cofxsists of compact
fine=grained quartz and sulfida minerals enclosed in sericitic walls.
Away from the intersection the quartz vein gradublly changés to a

chalcedony vein, and the sericite bands pinch out against the vein.
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